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EFFECTS OF SOME AIR POLLUTANTS ON ROOT NODULATION AND VAM 
COLONIZATION OF ROOTS OF SOME LEGUMINOUS CROPS 
The quality of air is very important factor for 
health of the plnntn and thcrofore, under polluted air 
there is real possibility of air quality effects on the 
plants. Microorganisms associated with the plants either 
parasitically, saprophytically or symbiotically, are also 
likely to be influenced under the air pollution stress 
experienced by the plants. The effects of air pollution 
on the plants as well as associated microorganisms may be 
direct or indirect. VAM fungi and root nodule bacteria 
develop symbiotic relationship with roots of agricultural 
crops. Both the symbionts are found concurrently on the 
roots of leguminous crops. The main effect of VA 
mycorrhizal infection on plant growth is the stimulation 
of phosphorus uptake due to exploration by the external 
hyphae of soil beyond the root hair and phosphorus 
depletion zones.-Thei^oot nodule bacteria fix atmospheric 
nitrogen in association with the roots of legumes. These 
symbionts have been shown to alter some of the effects of 
air pollutants through promotion of shoot and root 
growth. 
The present study to determine the impact of 
air pollution on VAM fungi and root ngdule bacteria and 
resulting influences on plant growth and yield. Major 
part of the study was conducted in artificial conditions 
using SO2, O3 and fly ash as air pollutants. Mungbean 
(Viqna radiata (L.) Wilczek) and chick-pea (Cicer 
arietinum L.), two important pulse crops in India, were 
selected as test plants for the study. Root nodule 
bacterium Bradyrhizobium iaponicum Jordan and VAM fungus 
Glomus fasciculatum (Thaxter sensu Gerd.) Gerd. and 
Trappe were employed as the symbionts. 
Various impacts of the air pollutants were 
determined on the basis of plant growth characters 
(length, fresh and dry weights), yield (number of 
pods/plant) leaf chlorophyll and seed protein content, 
root nodulation (number of nodules per plant, dry weight 
of nodulGs), nitrogen and phosphorus content of plants, 
and root colonization by the VAM fungus and its spore 
population. 
In addition to the experiments carried out in 
artificial conditions, impact of a thermal power plant on 
VAM fungi was als,o determined. Soil and root samples were 
collected from^^ifferent distances from the stack of a 
coal-fired thermal power plant located at Kasimpur, 
(Aligarhj^ and analysed to determine root colonization by 
the VAM fungi present and their spore populations. The 
soil and root samples were taken from the fields of pea 
(Pisum sativum L.), chick-pea (Cicer arietinum L.), 
mungbean (Vigna radiata (L.), Wilczek), clover (Trifobium 
alexandrinum L.), and pigeon pea (Cajanus cajan (L.) 
Millsp.) present at each site. 
All the leguminous crops encountered at the various 
sites were associated with VAM fungi. Glomus, 
Sclerocystis. Acaulospora and Giqaspora were present at 
tl^ sites. Glomus was dominant genus at all the sites and 
^ ^ each leguminous crop. Root colonization by the VAM 
fungi in different leguminous crops and sporulation by 
the VAM fungi were feund—l^i—he suppressed by the air 
pollution caused by the thermal power plant, jfctaimpuTT A 
decrease in spore count and percent colonization of the 
roots by the VAM fungi were observed in all legumes -and 
irrespective of the season. The suppressive effect of the 
air pollution on VAM fungi appeared to be a significant 
impact which may be reflecting-in the productivity of the 
crops gi;,own around the power plant. 
•The experiment on SOj impact on mungbean and chick-
pea and the root symbionts^'^conducted in artificial 
conditions exposing the plants in exposure chamber to 
SOo, generated through reaction of sodium sulphite and 
sulphuric acid in a generator^, showed that both crops 
were adversely affected by intermittent exposure to SOj 
concentrations (0.1 and 0.2 ppm),-tt3ed in the stTidy. The 
/.Vr^, ' S- -- 1 Cp--effects were greater and significant at 0.2 ppm in 
comparison to 0.1 ppm. SO2 suppressed length, fresh and 
dry weights of plants and yield (pod number/plant). Leaf 
pigment (chlorophyll a, chlorophyll b, and total 
chlorophyll) and seed protein were also reduced. Root 
nodulation (number of nodules per root system and dry 
t " - ' / r ' 
weight of nodules) by B^ iaponicum. and^colonization of 
roots by the VAM fungus G. fasciculatum were inhibited in 
both crops. Spore production by the VAM fungus 
so 
suppressed. As a consequence, nitrogen and phosphorus 
content of the plants showedsignificant declined, 
Mungbean and chick-pea plants inoculated either with 
G. fasciculatum or B_._ japonicum (single inoculation) or 
both the symbionts (dual inoculation) showed improved 
plant growth and yiel^. Leaf pigment, seed protein, 
nitrogen and phosphorus content of the plants were also 
enhanced. These enhancements iTi guneraT were greater in 
dual inoculated plants compared to single inoculated 
plants. —in. Coverall -trssysmiieiit, the suppressive impacts 
of SO2 concentrations on the various considered 
parameters^were less on plants of both crops inoculated 
with either of the root symbionts or in combination. The 
root symbionts^ though suppressed by SO2/ provided partial 
protection to the plants against the adverse impacts of 
SO2. 
Like SO2, ^  of mungbean and chick-pea 
iirt-e^ iftifet-entiy eifposed to O^, exhibited suppressed plant 
growth and yield. The suppressions tB__g^Jiexal were 
greater at 0.2 ppm than at 0.1 ppm. The adverse effect 
of O3 was greater on the root than shoot. Other plant 
growth and yield parameters, (leaf pigment, seed protein, 
nitrogen and phosphorus content of the plants) also 
declined. Root colonization by G. fasciculatum and root 
nodulation by B^ japonicum »^re<vjJ^\^versely7 affected 
by the O3 concentrations. Percent root colonization and 
spore count of the VAM fungus showe^ d a decrease under "ttre-
of O3 stress. 'jNumber of root nodules and their 
, dry weight were^-reetaoed-. In'^^xposed plants, beneficial 
effects of the root symbionts in terms of the considered 
parameters were evident. The adverse impacts of O3 were 
reduced to a great extent in the presence of the root 
nodule bacterium or the VAM fungus alone or^^gether. 
^;;Afair degree of repeatability o ^ ^he trend in 
results shows that Jn•^'^ •^ vr^ IiTi^ r fut-^ r^^ -^cj i ii^ ^^ cn^  and O3 
are harmful for leguminous crops like mungbean ^nd^hick-
pea causing direct suppressive effects on plant growth 
(jt s 
and yield. Concurrently, -fclt^  also affect the crops 
indirectly by reducing the benefit from the root nodule 
bacteria and VAM fungi. But symbiotic associations of 
root nodule bacteria and VAM fungi with leguminous crops 
are still beneficial because they apparently provide 
partial protection to the plants against the deleterious 
impacts of the air pollutants. Further details of this 
aspect of the symbiosis, need to be investigated. 
Forfly ash experiment, fly ash ,was obtained from 
the coal-fired thermal power plant, Kasimpur (Aligarh). ft i 
Fly ash was added to field soil aeiwreve different 
levels^ i.e. 0% (without fly ash), 10%, 25%, 50%, 75% and 
100% fly ash in the soil. Fly ash at low levels e'nhanced 
the growth and yield of mungbean and chicJ^ea. The 
beneficial effects of fly ash were optimal at 10-25%. 
Leaf pigment, seed protein, nitrogen and phosphorus 
content of the plants —also increased at these 
levels. In general at 50% level of fly ash,. 
plant growth and yield of both crops woro—a^-vaxs^ely 
irrfluerrce'dT Fly ash supj^ressed root nodulation at all—tbe 
•arevelrs- in "mungbean and chick-pea. At 100% 'lovol 
complete inhibition of root nodulation occurred. Percent 
colonization of roots by the VAM fungus and spore 
population ''vere &lso reduced at all the levels of fly 
ash. 
Fly ash at lower levels can enhance plant growth and 
therefore it can be used as a supplement to fertilizers. 
This would help in reducing the cost of food production 
and importantly on utilization of a huge waste. However, 
in view of its adverse impact on G. fasciculatum. various 
aspects of fly ash influences on VAM fungi needs to be 
examined. 
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INTRODUCTION 
In India, environmental pollution due to various 
kinds of industries, power plants, refineries and 
automobiles is quite common. These industries release 
SO2, HF, NOj^ , NH3, O3, coal dust, cement dust, fly ash 
etc. in the form of air pollutants and industrial 
effluents and waste materials containing heavy metals in 
the form of soil pollutants. A number of crops^are grown 
around the industries i.e., in t^-^ environment loaded 
with various kinds of pollutants.^ir pollutants on the 
basis of their origin are either primary or secondary 
(Wood, 1968). Primary air pollutants which may be in 
gaseous or particulate forms, originate from the source 
in a form toxic to living organisms. Gaseous air 
pollutants are sulphur dioxide (SO2), oxides of nitrogen 
(NOj^ ) , hydrogen fluoride (HF) , ammonia (NH3) , ethylene 
(CjHg) etc. Particulate air pollutants are coal dust, 
cement dust, fly ash, suspended particulate matter (SPM) 
etc. Secondary air pollutants are formed through 
reactions between primary air pollutants that originate 
from the source. Photochemical pollutants like 
peroxyacetyl nitrate (PAN) and ozone (O3) are examples of 
secondary air pollutants. SO2 and NOj^  in high humid 
conditions are converted into acids (H2SO4 and HNO3) 
which fall on the ground during atmospheric precipitation 
forming "acid rain' (Oden, 1968). 
For the proper and healthy growth of the plants, 
certain ranges of environmental factors like water, air, 
light, temperature, humidity, minerals etc. are 
necessary. Since over 90% biomass of green plants is 
derived from atmosphere and major parts of plant body 
remain exposed to air, the quality of air is very 
important factor for health of the plant. Therefore, 
under polluted air there is real possibility of air 
quality effects on plants. Air pollution adversely 
affects plant life directly or indirectly and reduce the 
yield (Mudd and Kozlowski, 1975). 
Gaseous air pollutants enter the leaves through 
stomata and cause injuries directly in the leaf tissue or 
interfere in biochemical reactions (Pell, 1979). 
Particulate air pollutants like soil dust, coal dust, 
cement dust, fly ash etc. mostly fall and deposit on the 
leaf surface and block the stomatal cavities forming a 
thin encrustation on the leaf surface.' This hampers 
transpiration and checks the transmission of solar 
radiation (Darley, 1966). Xhe acids (H2SO4 and HNO3) 
either directly injure the plant parts or indirectly 
through soil, harm the root system. Air pollutants 
affecting physiology and biochemistry of the plants, 
induce visible symptoms like chlorosis, necrosis, early 
senescence, stunting etc. (Heagle, 1973, 1982; Agrios, 
1988) . 7>'Symbiotic associat ion^ of plants with micro-
organises are affected by the atmospheric pollution. In 
symbiotic or mutualistic association, each component is 
beneficial for the other, and any adverse effect on one 
of the components will subsequently may affect the entire 
system. Plant sensitivity to air pollutants is affected 
by plant nutrition (Heagle ^ , 1973). Root 
nodulation of legumes and the nodule weight are reduced 
by air pollution stress of the plants (Reinert and Weber 
1980). Tingey (1978) suggested that a reduction in the 
amount of excess of carbohydrates available for 
translocation to roots would cause less energy to be 
available for nodulation by N-fixing bacteria. Root 
colonization by mycorrhizal fungi might be similarly 
affected by O3. 
Mycorrhizal fungi in symbiotic relationship with 
plant roots help plants in acquiring mineral nutrients 
from the soil, especially immobile elements such as P, Zn 
and Cu but also more mobile ions such as S, Ca, K, Fe, 
Mg, Mn, CI, Br and N (Tinker, 1984). 
Mycorrhizal fungi also increase efficiency of 
mineral uptake, resulting in enhanced plant growth in 
soils where such elements are deficient or less 
available. Mycorrhizal fungi have been shown to increase 
water uptake and/or alter the plant's physiology to 
reduce stress response to soil drought (Parke ^ al. , 
1983 ; Safir and Nelsen, 1985). They also reduce plant 
response to other soil stresses such as high salt levels, 
toxicities associated with mine spoils or land fills and 
heavy metals (Tinker, 1984). Mycorrhizal fungi in some 
cases reduce the disease response to plant pathogens 
causing some morphological or physiological changes in 
the plant (Dehne, 1982). Some mycorrhizal fungi produce 
metabolites that can alter the plant's ability to produce 
roots from cutting or to alter root regeneration and root 
morphology resulting in greatly increased absorptive 
surface area and feeder root longevity (Linderman and 
Call, 1977; Slankis, 1973). 
Mycorrhizal fungi are known also to alter soil 
texture by increasing the extent of soil particle 
aggregation (Sutton and Sheppard, 1976). Mycorrhizal 
fungi induce increased phytohormone production (i.e. 
cytokinins, gibberellins, and ethylene), playing a key 
role by influencing and regulating the systems in plants 
(Allen ^ , 1980; Barea and Azcon-Agiular, 1982; 
Graham ^ , 1981; Slankis, 1973). One of the major 
changes in mycorrhizal plants is reduced membrane 
permeability primarily due to increased P-nutrition 
(GraliaiiT'et , 1981; Ratnayake ^ , 1978). The 
decreased membrane permeability affects the quality and 
quantity of root exudation (Schwab et al. , 1983) which 
in turn induce^a significant response in the rhizosphere 
microflora and microfauna. 
VAM fungi are found associated with most 
angiosperms, gymnosperms and ferns (Baylis, 1975; Trappe, 
1977). Structures produced by VAM fungi with host roots 
include a hyphal system^ contiguous^ through initial 
penetration points, a hyphal network extending into the 
soil, short-lived intracellular arbuscules generally 
thought to function in nutrient transfer between the 
symbionts^ and enlarged intercalary or terminal vesicles 
that appear to function as endophytic storage organs 
(Carling and Brown, 1982) jJfThe main effect of VA 
mycorrhizal infection on plant growth is the stimulation 
/f 
of phosphorus uptake (Mosse, 1963, 1973; Gerdemann, 1976) 
due to exploration by the external hyphae of soil beyond 
the root hair and phosphorus depletion zones (Gray and 
Gerdemann, 1969). In addition, increased P uptake in 
mycorrhizal legumes stimulates nitrogen fixation by 
Rhizobium. thus indirectly causing an increase of N-
concentration in the host (Carling et al. , 1978; Schenk 
and Hinson, 1973). Changes in concentration of other 
elements i.e. S, Zn, Cu, K and others in host tissues are 
known to be influenced by VA mycorrhizae (Gilmore, 1971; 
Gray and Gerdemann, 1973 ; Jackson ^ , 1973; Lambert 
^ , 1979; Powell, 1975). 
Legumes can form two types of symbiotic association 
with microorganisms. One with nitrogen-fixing species of 
Rhizobium and Bradyrhizobium, the other with vesicular 
arbuscular mycorrhizal (VAM) fungi, concerned with the 
uptake of phosphorus by the plants. Glasshouse 
experiments demonstrated that legumes inoculated 
with both types of microorganisms grow and nodulate 
better / have higher nitrogenase activity and 
phosphorus content than plants that are uninoculated or 
inoculated with either root nodule bacteria or 
mycorrhizal fungi separately (Crush, 1974; Powell, 1976). 
v. 
The plants with both types of symbiosis may also be 
important as pioneer colonisers of nutrient deficient 
habitats (Harley, 1973) . Seed yield, shoot weight and 
percentage of P and N of nodulated soybean plants grown 
in P-deficient field soil were increased by inoculation 
with Glomus fasciculatus (Bagyaraj ^ , 1979). In 
related greenhouse studies on growth of soybeans, bean 
alfalfa and peanut, similar results were reported (Safir 
et al.. 1972; Daft and El-Giahmi, 1975). 
VAM fungi may be influenced by a wide range of 
environmental and edaphic factors. Plant growth enhance-
ment due to mycorrhizae was generally greater in sterile 
soil than in non -sterile soil (Gerdemann, 1968) . The 
increased soil fertility decreases mycorrhizal 
development and plant growth response (Daft and Nicolson, 
1972; Hayman and Mosse, 1972; Khan, 1975). Fewer spores 
were recovered from field soil of several agricultural 
crops when N or P fertility was optimal than when soils 
were nutrient deficient (Hayman, 1970; Hayman and Mosse, 
1972) . 
Effect of gaseous air pollutants and simulated acid/i 
rain on roots and mycorrhizae has only recently received 
some attention. The ectomycorrhizae have been shown to 
alter some of the effects of air pollutants "through 
promotion of shoot and root growth (Carney ^ , 1978; 
Garrett et , 1982; Mahoney ^ , 1985). Red oak 
(Ouercus rubra L.) mycorrhizae were found to be adversely 
affected by ozone, sulphur dioxide and acid precipitation 
(Reich ^ , 1985) . VAM fungi (endomycorrhizae) have 
received less attention in relation to gaseous and 
particulate air pollutants. u., .• c 
^ 1 The response of root nodule bacteria and vesicular 
arbuscular mycorrhizal fungi (VAM) on plants growing 
under specific pollution stresses-is—Llie uunirra'T theme "bf 
tiifi_.pX£Lseiit work. Pulses i.e. (mungbean, Vigna radiata 
(L.) Wilczek cv. Pusa 105 and chick-pea, Cicer arietinum 
L . cv. Pusa 2 6 9 have boon selected f o r —tfee— 
because (ii) pulses are one of the most important 
cultivated crops of India and major source of protein for 
a large vegetarian population in^ the county; (di) well -rf r u, U r s . , established agronomic practices under local conditions; 
(juii)^  k e e p — i n v e s t i g a t i o n s ^ fairly distributed 
throughout the year; (i;^ ) and most importantly they 
develop symbiotic associations with root nodule bacteria 
and VAM fungi. 
To assess the effect of air p^li^^bn, on ^^^Jciin^al^ 
spore population and root colonization, a ""Isite study was 
conducted selecting a thermal powe^- plant, Kasimpur, 15 
Km away from the Aligarh Muslim University c a m p u s O t h e r 
(i^periments o-f—tire—study were conducted in greenhouse. > 
fungus Glomus fasciculatum and nodule forming -teaxrCer^um 
B^adyrhizobium iaponicum hae—^OT used a-s the model to 
a^ioertain the impact of environmental stress. The thesis 
is divided into four sections given below. Each 
section is written with separate introduction, materials /A . ^ 
and methods, discussion, and summary. Literature review 
r g T " — g i v e n j-oiatly^^ XJitacature.. oited is 
concentrated in the end. 
SECTION I - Effect of air pollution on spore, 
population of VAM fungi in soil and root 
colonization of some leguminous crops in 
Aligarh. 
SECTION II - Effect of sulphur dioxide on plant growth 
and yield of mungbean and chick-pea and on 
their root nodulation by root nodule 
bacterium and root colonization by VAM 
fungus. 
SECTION III - Effect of O3 on plant growth and yield of 
mungbean and chick-pea and on their root 
nodulation by root nodule bacterium and 
root colonization by VAM fungus. 
SECTION IV - Effect of fly ash amended soil on plant 
growth, yield of mungbean and chick-pea and 
on their root nodulation by root nodule 
bacterium and root colonization by VAM 
fungus. 
LITERATURE REVIEW 
Air pollution is relatively a new factor in 
agriculture. The atmosphere surrounding the urban and 
industrial regions of the world contains a mixture of 
chemicals commonly called as air pollutants. Many air 
pollutants are toxic to plants. The four most important 
of these in the order of their phytotoxicity are ozone 
(O3), sulphur dioxide (SOj) , nitrogen dioxide (NO2) and 
ammonia (NH3) . O3 alone or in combination with SO2, is 
responsible for upto 90% of the crop losses in some cases 
(Heck ^ , 1982). Consequently, these phytotoxic air 
pollutants, alone or in mixtures, are of great concern to 
agricultural scientists. Air pollutants causing damages 
to plants have also been called ^plant pathogens' (Wood, 
1968). They injure plant foliage, significantly alter 
their growth and yield and change the quality of the 
marketable plant products. The air pollutants also 
increase or decrease the plant diseases caused by biotic 
plant pathogens (Heagle, 1973, 1982). 
Air pollutants according to their origin, are either 
primary or secondary (Wood, 1968). Primary pollutants 
originate from the source in a form toxic to plants. SO2, 
NOj^ , HF, NH3, CO, etc. are primary air pollutants. 
Secondary pollutants are the result of reactions between 
pollutants originating from the source and other 
atmospheric factors such as peroxyacetyl nitrate (PAN), 
O3, and acid rain are secondary air pollutants. On the 
basis of their physical appearance, air pollutants can 
also be grouped into two categories-gaseous and 
particulate. The most common gaseous air pollutants 
injurious to plants are O3, PAN, SO2, CI2, 
NOj^ , etc. and the major particulate air pollutants are 
coal dust, fly ash, cement dust, soildust etc. Some 
primary air pollutants like NOj^ , and SO2 when come in 
contact with water and atmospheric precipitation are 
converted into the acids and fall down. This condition of 
environmental pollution is called as ^acid rain' (Likens 
and Borman, 1974). 
The extent and nature of injury or damage caused by 
air pollutants is determined by genetic and environmental 
factors of plant as well as by level and duration of 
exposure to the pollutants. Air pollutants affect 
physiology and biochemistry of plants resulting in the 
visible symptoms like chlorosis, necrosis, early senses-
cence, stunting and several other abnormalities depending 
upon the type of air pollutant involved (Darley and 
Middleton, 1966; Brandt and Heck, 1968; Barret and 
Benedict, 1970). 
Sulphur dioxide (SO2) 
Sulphur dioxide is one of the most important air 
pollutants and is toxic to plants.It is emitted mainly 
through the combustion of fossil fuels like coal ad 
petroleum. Its concentration at ground level depends 
upon the amount of emission, distance from the source and 
meteorological and topographical conditions. In general, 
SO2 concentration decreases rapidly with distance from 
the source and increased air movement. SO2 concentration 
may be high as 1-3 ppm, near point sources, such as coal 
burning power plants and smelters. In large urban areas, 
SO2 concentration may range from 0.05-0.40 ppm (Heagle, 
1973) . 
SO2 enters through stomata in the mesophyll tissue 
of the leaves and reacts with water to produce sulphite 
ions which are slowly oxidized to sulphate ions. The 
sulphate ions may then be utilized by the plant as 
nutritional sulphur and converted to organic form (Thomas 
et , 1944) . Sulphite ions are, however, about 30 
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times more toxic than sulphate ions (Thomas et al., 1943), 
when present in excessive amounts. Chronic and acute 
markings appear on leaves depending upon the accumulation 
of sulphite ions (Barrett and Benedict, 1970) . The 
chronic type of markings are general chlorotic appearance 
of leaf, mild chlorosis, yellowing of leaf, silvering and 
bronzing of the under surface. 
Generally SO2 reduces net photosynthesis in all 
plants at all concentrations but dark respiration and 
transpiration are increased. SO2 also affects enzyme 
systems and metabolic processes in many plants. These 
changes are dependent on SO2 concentration, plant 
species, plant age and environment. In some cases, enzyme 
activity is increased by exposure of the plants to low 
levels of SO2 and decreased by higher concentrations 
(Horsman and Wellburn, 1977; Soldatini and Ziegler, 1979; 
Wyss and Brunold, 1980; Pierre and Queiroz, 1982; Tanaka 
et al., 1982). Plant metabolism is affected by SO2 in a 
variety of ways. SO2 stimulates phosphorus metabolism 
(Plesnicar, 1983) and reduces foliar chlorophyll 
concentration (Pandey and Rao, 1978; Lauenroth and Dodd, 
1981). Carbohydrate levels are increased by low 
concentration of SO2 and decreased by higher 
concentrations (Kozoil and Jordon, 1978). 
Due to the effects of SO2 on physiology and 
biochemistry of plants, their growth, development and 
productivity are also affected significantly. Effects of 
SO2 have been studied both in glasshouse and ambient air 
by several workers. In the open top polythene chambers, 
wheat plants were exposed to 0.8 ppm SO2 2h daily for 60 
days, although no chlorosis or necrosis in their leaves 
developed at any stage of their growth, reduction in root 
and shoot lengths, number and area of leaves per plant, 
biomass, productivity, number of grains per spike were 
reported (Pandey and Rao, 1978). In an exposure of 0.1 
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to 0.6 ppm SO2 upto 100 h, the wheat plant was less 
tolerant than maize and differences in sensitivities 
among cultivars were observed (Laurence, 1979). When the 
soybean was exposed to 0.09 to 0.79 ppm in an open air 
fumigation chamber, visible injury was not observed 
frequently while the reduction in the yield was found 
significantly (Sprugel ^ , 1980). In groundnut, 
exposed to SO2 ranging from 0.06 to 1.00 ppm for 4 h 
daily for 4 weeks, the necrotic lesions and reduced net 
primary productivity were noticed at 0.25 ppm 
concentration and above. Below 0.25 ppm concentration, 
SO2 was slightly beneficial to the plant productivity. 
Sulphur content of plant increased while nitrogen and 
phosphorus contents decreased with increasing 
concentrations of SO2 (Mishra, 1980). In alfalfa, exposed 
continuously to 0.036 ppm concentration of SO2, slight 
increase in biomass was reported (Lockyer and Cowling, 
1981), while the biomass and yield of all the plant parts 
of snapbean were adversely effected above 0.1 ppm 
concentrations of SO2 for 12 h per day till 5 days per 
week (Saxe, 1983). Tomato plants exposed to 0.12 ppm 
concentration of SO2 for 72 h per week for 5 or 10 weeks 
showed slight decrease in ascorbic acid of ripe fruit but 
no effects were noticed on fruit yield and other soluble 
and total solid contents (Lotstein ^ , 1983). Tobacco 
plants were found more tolerant to 0.02 ppm concnetration 
of SO2 than cucumber, treated continuously for 21 weeks. 
The dry weight of the plants was reduced, roots were more 
affected than the shoots and the floweTing was also 
affected markedly (Mejstrick, 1980). 
Khan (1980) studied the effecj:? of SOp and O^ on 
e o < f ' 
some vegetable crops tite -^eggplant, tomato and okra in 
glasshouse conditions. Reduced chlorophyll content, 
length, fresh and dry weights were observed when plants 
were exposed to 0.1 and 0.2 ppm at alternate days for 3 
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h. Plant growth, seed protein content and chlorophyll 
contents were reduced when chick-pea and lentil plants 
were exposed to SO2 (0.1, 2 ppm) and O3 (0.1 and 0.2 ppiti) 
alone and/or in mixture in artificial conditions (Singh, 
1989). In peanut plants were exposed to SO2 (13 ug/m^) 
and HF (0.26 or 0.03 ug/m^) separately or together, for 8 
h/day from seedling stage to harvest, SO2 alone reduced 
the number of mature pods and kernels. HF alone reduced 
the yield, expressed as weight of kernels per plant 
(Murray and Wilson, 1990). Pasha (1991) observed reduced 
growth in cucumber plants exposed to SO2 (0.1 and 0.2 
ppm) three days in a week in artificial exposure 
chambers. 
Ozone (O3) 
Ozone is the most important phytotoxic component of 
photochemical oxidant air pollution. Exhausts of 
automobiles and other internal combustion engines are 
probably the most important sources of ozone and other 
phytotoxic pollutants. Incompletely burned hydrocarbons 
and NO2 are released into the atmosphere by the 
automobile exhaust. In the presence of UV light, this NO2 
reacts with oxygen and forms O3 and NO. The ozone may 
react with NO to form the original compoiand. But in the 
presence of unburned hydrocarbons the NO reacts with 
hydrocarbons instead of ozone and therefore, the O3 is 
released in the atmosphere (Agrios, 1988). The naturally 
produced O3 concentration at ground level is generally 
less than 0.03 ppml^^zone enters through stomata in the 
leaves, where it accumulates in palisade layer causing 
bleaching or discoloration and collapse of the palisade 
cells. O3 affects primarily expanding leaves, but not 
very young or old mature leaves. O3 causes tippling, 
mottling and chlorosis of the leaf, usually on the upper 
leaf surface. The colour of the affected leaves varies 
TtLu §)a.enh 
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from light tan to red or almost black, depending upon the 
plant affected. Affected leaves of some plants such as 
citrus, grapes and pines drop prematurely (Darley and 
Middleton, 1966; Agrios, 1988). Plant response to O3 is, 
however, dependent on various environmental factors 
(Heck, 1968; Ting and Dugger, 1968). 
The most common symptom on many deciduous trees, 
shrubs and some herbaceous plants is localized thickening 
and pigmentation of the cell walls resulting in sharply 
defined small dot like coloured lesions (Ledbetter ^ 
al.. 1959). Generally the interveinal region is injured, 
so lesions are usually angular in shape. The veins are 
usually not affected except in plants where pigment 
formation takes place. Pigment formation can produce on 
overall colouration of the upper leaf surface when the 
lesions are dense (Heck ^ , 1970). Small unpigmented 
necrotic spots or more generally upper surface bleaching 
is a common type of injury on most of herbaceous and many 
woody plants (Ledbetter ^ , 1959). When the injury 
becomes more severe then upper epidermal cells collapse 
and become colourless. A shiny oily or waxy appearance of 
the upper leaf develops in some plants during O3 
exposure. These symptoms disappear after the termination 
of exposure. A water-soaked appearance often develops 
followed by drying and bleaching which results in typical 
bifacial necrosis within one or two days (Heck ^ , 
1970) . Epidermal cells remain uninjured while the 
palisade cells and spongy mesophyll become injured. Many 
injured cells remain alive but chloroplasti^s^isrupted 
and the chlorophyll amount is reduced significantly (Hill 
et al., 1961). Chlorotic mottling or chlorotic flecks are 
common symptoms on pine. Alfalfa develops large light 
green chlorotic areas with many irregular islands of 
normal green tissue dispersed in thom. Tn some plants the 
tissue eventually becomes uniformly chlorotic and leaves 
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may drop prematurely (Ledbetter et aji. , 1959) . 
Todd (1958) and Todd and Probst (1963) measured the 
effect of ozone at 4 ppm for 40 min. on photosynthesis 
and found that development of symptoms were associated 
with inhibition of CO2 fixation. Hill and Littlefield 
(1969) noticed net photosynthesis decreases when plants 
were exposed to 0.06 ppm concentration of ozone for 1 h. 
Pell and Brennan (197 3) observed that in pinto bonn not 
photosynthesis initially decreased and total adenylate 
concentration increased after 3 h exposure to^^njurious 
concentration of O3. Net photosynthesis, however, 
returned to normal within 24 h. A significant increase in 
respiration of pinto bean leaves when exposed to 4 ppm 
for 40 min., was reported by Tod (1958). Macdowall 
(1965) found that during the first hour after ozone 
exposure at 0.7 respiration was inhibited before 
the visible symptoms appeared; the respiration increased 
only later, when visible symptoms had appeared. Hill and 
Littlefield (1969) observed decrease in the rate of 
transpiration at 0.06 ppm concentration exposure for 1 h. 
The sugar and starch content of the ash root decreased 
when exposed to 0.5 ppm concentration O3 for 8 h (Jensen, 
1981). In a -o^ a^dy Blum ^ al. (1982) found that O3 at 
0.1 ppm concentration increased the mineral content 
except the Na in ladino clover. 
Ozone effects on the growth, biomass and 
productivity of several crops have been showed in both 
ambient as well as in glasshouse conditions (Heck ^ , 
1986). Ozone is reported to cause various types of 
damages in a number of crops like tomato, potato, pepper, 
sunflower, soybean, snapbean, clover etc. Ozone in the 
ambient condition was found to cause reduction in the 
tomato yield and responsible for 85% of reduced fruit 
size (Oshima et , 1977a, 1977b). Tomato cv. Tiny-Tim 
when exposed to 0.08-0.10 ppm concentration of O3 for 
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5h/day for 5 days in a week till 50 days, 56% reduction 
in fruit nurater and 91% reduction in fruit weight were 
observed (Manning and Feder, 1976). At the seedling 
stage, 0.4 ppm concentration exposure of O3 for 2 h, 
repeated for 6 times when transplanted in field, showed 
57% reduction on the sensitive cultivars of tomato 
(Henderson and Reinert, 1979). In the potato, ambient O3 
caused 60% leaf injury and 25% yield loss in <?v. Norland 
and 31% loss in cv. Norchip. Cultivar Norland produced 
smaller tuber and cv. Norchip fewer tubers (Clarke ^ 
al. , 1983). Ozone at 0.2 ppm concentration for 3h at 
several growth stages of potato in glasshouse decreased 
tuber weight and total solids but reducing sugars were 
increased (Pell ^ , 1980). Ozone at 0.12 and 0.20 ppm 
for 3 h at 3 times per week reduced root, stem and leaf 
dry matter of pepper. The reduction was 16% at 0.12 ppm 
and 54% at 0.20 ppm in total fruit dry weight (Bannett ^ 
al. , 1979). In co-ttoTi cv. Acala S5-2, a sigriif icant 
reduction in biomass and boll production was recorded, 
when exposed to 0.20 ppm of O3 for 6 h twice a week. In 
one case this treatment started at the age of 8 day and 
other at 40 days age. Number of boll produced was reduced 
by 48% (Oshiitia ^  , 1979). When sunflower was treated 
with 0.1 and 0.2 ppm of O3 for 12 days from the 14 days 
of age, 11% and 32% reduction in plant dry weight was 
observed. exposure the~roots were more affected 
than shoot (Shimizu et , 1981) . But when soybean was 
exposed to 0.022 and 0.112 ppm of O3 for 7 h/day in the 
field 39% reduction in yield and 12.6% reduction in oil 
content of the seeds were observed. Protein content of 
seeds, hoviever, was n,ot affected ^Greervwald and Endcess, 
1984). When snapbean was exposed to 0.30 and 0.60 ppm 
concentration of O3 for 1.5 h, two times at 6 different 
growth stages, reduction was found in the growth rate and 
pod production (Blum and Heck, 1980). Reduction in th
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shoot and root growth of clover cv. Ladino was observed 
at 0.3 and 0.6 ppm of O3 treated for 2h at 4 different 
stages of growth (Letchworth and Blum, 1977). In a study 
when clover was exposed to 0.03, 0.06 and 0.09 ppm of O3 
for 7 h/day in the season for two years in the field 
condition, 14% and 27% reduction in forage regrowth at 
0.06 and 0.09 ppm concentrations, respectively occurred 
during the second year (Blum ^ , 1983a). At 0.05, 
0.10 and 0.15 ppm O3, the maximum root reduction (42%) 
and shoot reduction (24%) in clover were observed when 
exposed for 4 h/day for 6 days, 32 days after seeding 
(Blum ^ 1983b) .I 
Khan (1988) sA/died the effects of O3 on eggplant, 
tomato and okra in glasshouse conditions. The deleterious 
effects were observed when plants were exposed 
artificially to 0.1 ppm and 0.2 ppm of O3 alone and with 
SO2 for 3 h every third day from seedling to fruiting 
stage. Adverse effects of O3 were observed on lentil and 
chick-pea plant, when exposed to O3 and (0.1, 0.2 ppm) in 
exposure chambers thrice a week (Singh, 1989). 
Particulate air pollutants 
The major ^piajci—air polly^ian^ in developing 
countries^^e^'particulate m a t ^ r ^ Important sources of 
particulate dir pollutants like' coal dust, fly ash, lime 
dust, cement dust, soil dust etc. are production of coal, 
cement, combustion of coal, gasoline and fuel oil, lime 
kiln operation; incineration and wrong agricultural 
practices; volcanic erruptions, transportation etc. In 
dtivyTo'ping countries particulate air pollntants are the 
major problem, and are not so important in developed 
countries (Das, 19S-6) . In India 40-44% air pollutants 
^re of particulate type. 
Particulate matters settle on plant parts and cause 
severe damage. They cause chlorosis, necrosis and death 
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of the tissue, when the heavy deposition of the particles 
occurs. Many particles are by-products of agricultural 
practices and are usually inert (Darley and Middleton, 
1966; Heck ^ , 1970). 
Colwill ^ (1979) observed deposits on the 
leaves of the plants grown along the road-side with 
highly busy traffic. Such plants showed poor growth. 
There have been numerous reports that dust of varying 
origin interfere with stomatal functioning mostly by 
filling and blocking the stomatal aperture (Ricks and 
Williams, 1974; Fluckiger ^ , 1978, 1979); increase 
leaf temperature (Eller, 1977; Fluckiger ^ , 1978) 
and transpiration (Boasloy, 1942; Eveling, 1969); reduce 
photosynthesis (Darley, 1966); and increase the uptake of 
gaseous air pollutants (Ricks and Williams, 1974). All 
these effects eventually results in poor growth of 
suffering plants. 
Fly ash comprises finely divided particles of ash 
entrained in fuel gas^s arising from combustion of coal. 
The size of fly ash particles may vary from 0.02 u to 
over 300 u. It contains incompletely burned coal and the 
carbon content of fly ash may vary from 5-20%, although 
some samples may contain as high as 50%. A large number 
of minerals such as Si02, AI2O3, Fe203, CaO, MgO, SO3, 
K2O+N2O, P205r Sn02, and traces of Ni, Be, V, Hg, Se, Mn 
may occur in fly ash (Bhatia, 1978). Kamath (1979) by 
using instrumental neutron activation analysis, 
determined the concentrations of 17 elements in coal and 
corresponding fly ash (Na, K, La, Ce, Hg, Tb, Th, Cr, Hf) 
collected from stack precipitators of power plants. ^ ^ 
Fly ash is a fairly stable pollutant a-rTd"it 
accumulates in the environment through deposition on 
surfaces of materials and plants. It reduces visibility 
in the atmosphere, absorbs and scatters light, and 
reducor. the quantum of r.olnr radiation roachinq plants. 
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Several workers have studied plant growth by 
amending the soil with various proportions of fly ash. 
Bhatia (1978) studied the growth pattern of Hordeum 
vulqare and Portulaca sp. by growing them in pots filled 
with fly ash (pH 8.8) and garden soil mixtures in the 
ratio of 0:100, 5:95, 10:90, 25:75, 50:50 and 100:0. The 
control plants were grown in garden soil only. The root 
and shoot biomass of these plants showed improvement upto 
25% fly ash, but the best growth was attained at 5% f^ ly 
ash. Pawar and Dubey (1982) studied the growth of wheat 
plants as affected by 5, 10, 20, 30 and 40% (wt/wt) fly 
ash with black cotton soil. They noted increase in plant 
height, dry matter production and photosynthetic pigments 
at 20% fly ash but at higher percentages the plant growth 
was retarded. Khan (1988) observed the beneficial effects 
of fly ash on tomato plants upto 70% fly ash level, when 
different levels of fly ash (0, 10, 20, 30, 40, 50, 60, 
70, 80, 90, 100%) were added to soil. Gradual increase in 
length, fresh and dry weights and chlorophyll content 
upto 70% and decrease in 80, 90 and 100% fly ash levels 
were observed. Singh (1989) studied effects of fly ash 
pollutted soil (0, 10, 20, 30, 40, 50, 60, 70, 80, 90, 
100% fly ash) on plant growth and yield characters of 
lentil and chick-pea and development of root nodules. 
Improvement in growth and yield was seen upto 60% fly ash 
and best growth was attained by plants in 10% fly ash. 
Reduction in nodulation occurred with the increasing 
levels of fly ash in soil. 
Analysis of fly ash from the Thermal Power Plant, 
Kasimpur, Aligarh was done by Pasha (1991). Total organic 
carbon and total nitrogen were 0.07%, 0.05% respectively. 
The total metal elements analysed were - Pb (27.56 ppm) , 
Ni (06.90 ppm), Mn (22.80 ppm), Co (3.82 ppm), B (21.71 
pm) , Cu (01.52 ppm), K (722.20 ppm), Cr (13.91 ppm), Cd 
(0.24 ppm), Zn (03.04 ppm), Fe (02.43 ppm). The 
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concentrations of K, Pb, Mn and B were higher than other 
metal elements. He also studied effect of fly ash 
amended soil on plant growth of cucumber. Best growth of 
cucumber plants was seen in 10% and 25% fly ash. 
Increase in chlorophyll content was observed in soil 
amended upto 50% fly ash. 
Mycorrhizal Fungi 
Mycorrhizal fungi are^/^moitg^^ ttre itros-fc- common soil 
organisms in natural ^J^osystem i-' Several distinct 
symbioses between fungi and roots of higher plants are 
grouped together as mycorrhizal associations. These 
associations have several features in common. The 
symbionts - the fungi and plant root, maintain relatively 
constant association. Plant roots are normally infected 
by the fungi, and the mycorrhizal fungi are non-
pathogenic. Disease symptoms are not apparent as a result 
of infection and growth of the higher plant is frequently 
enhanced by the development of mycorrhizal roots (Smith, 
1980). 
Mycorrhizal fungi were first divided into 
ectotrophic and endotrophic mycorrhizae (Harley, 1969). 
They were rechristened as ectomycorrhizae and 
endomycorrhizae and ectendomycorrhizae, the last being 
described as an intermediate form. Endomycorrhizae are 
subdivided into vesicular arbuscular, ericoid and orchid 
mycorrhizae. As the name suggests, the latter two occurr 
in association with Ericaceae and Orchidaceae, 
respectively (Harley and Smith, 1983). 
Vesicular arbuscular mycorrhizal fungi (VAM) 
VAM fungi are found associated with roots of most 
angiosperms as well as some gymnosperms, pteridophytes 
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and bryophytes. They are absent only from a few plant 
families, mainly those which form only ectomycorrhiza 
(Pinaceae, Betulaceae) or the two specific types of 
endomycorrhiza (Ericaceae, Orchidaceae) (Gerdemann, 
1968) . He listed 14 families which are believed to have 
little or no mycorrhizae including the Cruciferae 
(Brassicaceae) Chenopodiaceae, Caryophyllaceae, Polygo-
naceae, Juncaceae and Cyperaceae (Gerdemann, 1968). High 
incidence of VAM infection is found in tropical and 
temperate forest trees (Baylis, 1961; Alwis and 
Abeybayke, 1980; Thapar and Khan, 1985). 
VAM fungi are obligate symbionts are characterised 
by intracellular infection within the root surface and 
bring about little or no change in external morphology of 
the infected roots. These fungi are classified in the 
family Endogonaceae of the order Endogonales in the class 
Zygomycetes. Gerdemann and Trappe (1974, 1975) have 
recognised the following five genera which form symbiotic 
association with plant ro^s^ 
X^ Acaulospora Endogone .^ XfT Gigaspora 
Glomus, ^ ^ Sclerocystis < 
Though each genus is considered to have many 
species, the taxonomic placement into species is still in 
tentative condition since most of the forms are obligate 
symbionts and their sexual stage is unknown (Trappe and 
Schenck, 1982). Schenck and Perez (1987) described one 
hundred and twenty species which were grouped in a single 
separate order Glomales in Zygomycetes (Morton and Benny, 
1990). 
Tihje_j(liomaceae^  Acauiosptyraceae and Gigasporaceae are 
pxes-e«tly formed by the qg-nera" Glomus , Sclerocystis , 
Entrophospora. Acaulospora . Scutellispora and Gigaspora. 
Xbey /Torm VA mycorrhizal associations, • B«t tlie species 
of Endogone do not form VA ittycorrtii-zae. 
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Giaaspora and Acaulospora produce azygosporangia 
containing azygospores and are found free in soil. Glomus 
and Sclerocystis appear to be quite similar. Glomus is 
the larger of the two genera and contains forms that 
produce chlamydospores either free in soil or in 
sporcarps. The associations of these fungi with plant 
roots forming endotrophic mycorrhizae were first 
described by Janse (1897) and Gallaud (1905). Since then 
several other workers have described the VA mycorrhizal 
association in a number of plant species such as onion, 
bean, clover, rye grass, poinsettia, soybean, banana, 
pineapple etc. (Nicolson, 1959; Schenck and Hinson, 1973; 
Cox and Sanders, 1974; Holley and Peterson, 1979; Tisdal 
and Oades, 1979; Barrows and Roncadori, 1977; Iyer Rohini 
et , 1988; Jaizmevege and Azcon, 1991). Several hosts 
have also been examined ultra-structurally as yellow 
poplar (Kinden and Brown, 1975, 1976), bean (Holley and 
Peterson, 1979), onion (Gianinazzi ^ al., 1979). 
Development of the mycorrhizal state involves little 
or no obvious change in root morphology. In some plants 
yellow pigmentation accompanies root colonization,a nd 
the endodermis may become thickened. Generally develop-
ment of endomycorrhizae results in loss of root hairs, 
but no external fungal mental forms except for the 
relatively sparse external hyphae that occur at the 
rhizoplane and extend out into the soil (Carling and 
Brown, 1982). 
Mosse (1973) observed that the ability of VAM fungi 
to colonize host roots is generally suppressed or 
eliminated if high levels of P are present in the soil. 
Studies of Menge ^ aj,. (1978) and Sanders (1975), 
however, showed that it is not P levels but rather 
concentrations of P within the host that cause the 
inhibition. Graham ^ (1981) stressed that altera-
tions in root cell membranes and corresponding changes in 
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root exudation, regulated by P levels in the host, is 
responsible for P inhibition phenomenon. The efficiency 
of utilization of rock phosphate by VAM fungi and some 
microbes were studied in pea plants. Powdered rock 
phosphate was used as the sole phosphate source in P-
deficient soil. The effect of phosphate utilization was 
studied with reference to the growth response, biomass, 
chlorophyll content and phosphate content of Pisum 
sativum. In all cases, VAM infected pea plants showed 
greater growth response than the controls (Subramanian 
and Dwivedi, 1988)• In Citrus aurantium improved P-use 
efficiency due to Glomus intraradices in low-P soil was 
comparable to high soil P levels in improvind leaf CO2 
incorporation and the concentration of major leaf 
photosynthetic products that include starch and sucrose 
I 
(Nemec and Vu, 1990). 
The physiological changes that accompany the 
development of mycorrhizae, coupled with the chemical and 
physical impact of the fungal symbiont hyphae in 
surrounding soil, result in a very different potential in 
the rhizosphere. For this reason, Rambelli (1973) 
suggested the term "Mycorrhizosphere" to be used to 
describe the soil surrounding and influenced by 
mycorrhizae. Extramatrical hyphae that extend out some 
distance from the host tissue into the soil (Rhodes and 
Gerdemann, 1978; Graham ^ , 1982) have a profound 
effect on the soil microflora. It has been shown that 
extramatrical hyphae of VAM fungi exude substances that 
cause soil and organic fractions to aggregate (Sutton and 
Sheppard, 1976). Microorganisms flourish in the 
aggregates, and fungi, bacteria, actinomycetes, and algae 
(including cyanobacteria) have been isolated from them 
(Forster and Nicolson, 1981). 
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Rootnodule Bacteria 
Root nodule bacteria fix the atmospheric nitrogen 
symbiotically in association with leguminous plants. The 
nodule forming bacteria are the species of Rhizoblum and 
Bradyrhizobium in the family Rhizobiaceae. Elkan (1984) 








The genus includes fast-growing, sub-polar 
flagelated strains. 
Genus II-Bradyrhizobium 
This genus is made up of only one species, 
Bradyrhizobium iaponicum which consists of the slow-
growing, polar or sub-polar flagellated strains. 
The nodule forming bacteria are gram negative rod 
shaped of short to medium size, and live freely in soil 
and in the root region of both leguminous and non-
leguminous plants. They enter into symbiosis with 
leguminous .plants, by infecting their roots and forming 
nodules on them. They show specificity in their symbiotic 
association with legumes. Therefore, there are specific 
strains for a legume or a group of legumes. The nodule 
forming bacteria are recognised as microsymbionts. When 
nodule becomes senescent after a period of nitrogen 
fixation, decay of tissue sets in liberating motile forms 
of bacteria into soil which normally serve as a source of 
inoculum for th suceeding crop of a given species of 
legume (Subba Rao, 1972, 1975). The nodule forming 
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bacteria penetrate the root from the root hair through 
the intercellular spaces and form nodule in the upper 
cortical regions. The core of a mature nodule 
constitutes the bacteroid zone surrounded by several 
layers of corticnl cells. The volume of bacteroid zone 
in effective nodules has a direct positive relationship 
with the nitrogen fixed. The effective nodules are 
generally large and pink in colour due to leghaeraoglobin 
(Bergersen and Briggs, 1958). 
The nodulated legume system depends only on the 
available mineral nitrogen in the soil. A close 
relationship is established between the host, the 
symbiont and the environment. The effectiveness and 
efficiency of the Rhizobium-legume symbiosis are 
dependent on these relationship (Franco, 1976). The 
factors limiting the bacteria include the ability to 
compete, their capacity to survive, and hydrogenase 
activity. The factors limiting the host include rates of 
photosynthesis and nutrient uptaken. Environmental 
factors include the P, K, Ca, N, micronutrients and 
moisture (Freire, 1976). 
Different legumes behave differently in acid soil. 
Both trophical and temperate legumes possess tolerant 
and intolerant species showing different response to lime 
(Munns, 1976, Munns ^ , 1977). Graham and Halliday 
(1976) reported that soil temperature is a major limiting 
factor for beans in tropical and subtropical areas. The 
limiting pH for growth of R. phaseoli in liquid medium 
was 4.0 to 4.4 
In sole soils, P fertilization by itself alleviates 
the inhibition of nodulation, but where toxic levels of 
A1 and/or Mn are present, liming is essential to promote 
adequate nodulation for high N2 - fixation and high 
yield. The direct effect of Al and Mn toxicities on 
rhizobia was studied by Keyser and Munns (1979) . They 
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reported that in acid soils Al-toixicity and acidity 
itself were probably more important factors limiting 
rhizobial growth than Mn toxicity and Ca deficiency, 
potassium, sulphur, and micronutrients in soil have minor 
roles as limiting factors, atleast with low agricultural 
productivity (Andrew, 1976; Freire, 1976; Franco, 1976). 
Diatloff (1967) observed that during wet periods in 
a black earth soil, aeration was the limiting factor for 
nodulation of cowpea, soybeans, and native legumes. 
Goepfert and Freire (1973) obtained significant increases 
in nodulation and dry matter of Phaseolus vulgaris in a 
soil sieved to obtain particles of 0.8 to 2.0 mm. 
It has been shown by Franco (1976) that plants 
dependent on N2-fixation require more P than plants using 
mineral N. Phosphorus deficiency is the most important 
single limiting factor for N2-fixation and legume 
production. Thorn is the vitnl roln of P in onorqy 
transfer and large quantity of energy lequirod tor tlie 
reduction of N2 to NH3. The addition of P to soil 
usually causes an increase in the concentrations of P and 
N in plant tissues. This relationship has been shown for 
tropical pasture legumes (Andrew, 1976). According to 
Andrew (1976) the increase in N-concentration in pasture 
legumes resulting from P additions may be compounded by 
time and energy content of nodulation and by duration and 
efficiency of symbiosis. Geopfert (1971) reported a close 
relationship in soybeans between grain yield, P availabi-
lity in the soil, and nodule weight of soybeans. 
Mosse (1976) believed that the effect of VAM in 
improving phosphate supply to plants results from the 
absorbing capacity of the extensive network of external 
hyphae associated with the infected roots. Nodulation of 
various legume species has been shown to be responsive to 
the inoculation with mycorrhizae. 
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Interaction between VAM Fungi and Root Nodule Bacteria 
Significant interactions between selected bacteria 
and VAM fungi have been recorded. Dual inoculations with 
VAM fungi and rhizobacteria have resulted in increased 
mycorrhizal colonization (Bagyaraj and Menge, 1978). The 
microbial interactions in the mycorrhizosphere of VA 
mycorrhizae have been reviewed by Barea and Azcon-Aguilar 
(1982) and Bagyaraj (1984). Bagyaraj and Menge (1978) 
reported an increase in rhizosphere populations of 
bacteria and actinomycetes when plants were inoculated 
with Azotobactor or VAM, inoculated singly or in 
combination but more from the combination. The combined 
inoculation resulted in synergistic growth enhancement of 
the host plant. Meyer and Linderman (1986) compared 
rhizoplane and rhizosphere soils in regard to the 
selection of qualitatively different functional groups of 
bacteria from the naturally occurring microflora. They 
showed no quantitative difference in total bacteria in 
the rhizosphere soils from mycorrhizal plants, but 
significant qualitative shifts were found. For example, 
facultative anaerobes (possible nitrogen fixers and 
ethylene producers) increased in the mycrorrhizosphere 
soil, but fluorescent pseudomonads decreased. 
Inoculation of legumes with VAM fungi and Rhizobium 
in some soils was found to have synergistic beneficial 
effects on nodulation, nitrogen fixation and legume 
growth (Carling et al., 1978; Daft and El-Giahmi, 1974; 
Islam ^ , 1980). Legumes require adequate phosphorus 
supply for satisfactory nodule production and nitrogen 
fixation (Mosse, 1976; Van Schreven, 1958). Inoculation 
of soybean with Glomus fasciculatus and Rhizobium 
iaponicum significantly increased dry weight and nitrogen 
content of the shoot and total dry weight, nodule dry 
weight, nitogenase and nitrate reductase activities 
(Bagyaraj ^ , 1979; Carling et a^ l. , 1978) as compared 
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to inoculations with either of the organism alone. 
Inoculation of Leucaena leucocephala with G. fasciculatus 
and Rhizobium in a P-deficient soil improved nodulation, 
mycorrhizal colonization, dry weight and N and P contents 
of the plants compared to single inoculation with either 
organisms. The improvement of P uptake by the host plant 
resulting from VAM infection enhanced nodulation and Nj-
fixation (Manjunath et , 1984). 
Effectiveness among four VAM fungi and Rhizobium in 
promoting growth of three legume trees in P-deficient 
soil was studied by Delacruz ^ (1988). Glomus 
fasciculatus with Rhizobium and Gigaspora marqarita with 
Rhizobium were most effective for Acacia mangium and 
Albizzia falcataria. Scutellospora persica with 
Rhizobium, Gigaspora maraarita with Rhizobium and Glomus 
fasciculatus and Rhizobium were most effective for Acacia 
auriculifornis. Consistently poor growth was attained by 
seedlings inoculated with Sclerocystis clavispora along 
with Rhizobium or Rhizobium alone or by uninoculated 
seedlings. The combined effect of VAM and Rhizobium on 
lentil, faba bean and soybean were observed in soils with 
low indigenous VAM spores. The inoculation of the plant 
with VAM fungi increased the level of mycorrhizal root 
infection of lentil, faba bean and soybean. The 
inoculation with Rhizobium had no significant effect on 
percent VAM infection, but VAM inoculation increased 
nodulation of the three legumes (Badr El-Din and Moawad, 
1988). It was observed that when plants of chick-pea 
(Cicer arietinum L.) provided with a combined inoculum of 
VAM and Rhizobium showed maximum utilization of P from 
mono- and di-calcium phosphate (phosphatic fertilizers of 
different solubilities) than plants receiving VAM or 
Rhizobium inoculum alone. Uninoculated plants showed 
minimum uptake and translocation of P from labelled 
phosphatic fertilizers (Chaturvedi and Sharma, 1988). 
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The positive effect of VAM-Rhizobium interaction was 
reported on Vigna radiata. Greater yield, dry weight and 
N-P uptake were observed in plants inoculated with both 
mycorrhizae (Glomus caledonium) and Rhizobium (Strain No. 
KM-1) than mycorrhizal (alone), rhizobial (alone) and 
control (uninocuJntod) plants (AdhoJeya e^ al-» l^ HiHa). 
Adholeya et (1988b) observed maximum infection 
rate, nodule number, nodule dry weiglit, nitrogcnase 
activity when V^ radiata plants were dual inoculated with 
mycorrhizae and Rhizobium in field also. The effect of 
Glomus macrocarpum was more prevalent in early stages of 
Rhizobium-legume interaction and in soil with low 
phosphorus concentration and in controlled conditions. 
Patterson ^ (1990) observed that establishment 
of VAM in the roots of Medicaqo sativa and Trifolium 
alexandrinum was associated with growth improvement and 
increased dry weight (73% and 22% respectively) of dual 
inoculated plants as compared to plants inoculated with 
Rhizobium alone. In M. sativa and T. alexandrinum 
mycorrhizal establishment was accompanied by increased N 
(240% and 20% respectively) and P (380% and 9% 
respectively) content. Ames ^ (1991) investigated 
the effect of soil sterilization on the selection of 
effective cowpea rhizobia, and whether these rhizobia 
differed in their effects on cowpea growth when paired 
with VAM fungi (Glomus pallidum, G. aggregatum or 
Selerocvstis microcarpa). The pairing of rhizobia with 
specific co-selected VAM fungi significantly improved the 
legume growth rcsponr.o. 
Changes in the hormonal balance of the plants having 
VAM fungi with the nodules was studied by Murakami-
Mizukami ^ (1991). Indole acetic acid (lAA) and 
abscisic acid (ABA) contents of soybean plants with 
Bradyrhizobium japonicum nodules and assocaited with 
vesicular arbuscular mycorrhizal (VAM) fungus (Glomus 
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p>tunicatuin) were determined. Te lAA content in nodules of 
mycorrhizal plants was higher than that in nodules of 
non-mycorrhizal plants. This increase paralleled nodule 
growth. ABA contents in roots, shoots and nodules of the 
mycorrhizal soybean plants also increased compared with 
non-mycorrhizal plants. 
Effect of Air Pollutants on Microorganisms 
Microbes and viruses are recipients of, and 
responders to atmospheric pollutants (Babich and Stotzky, 
1978). Atmospheric pollutants may adversely affect the 
generation time of bacteria, spore germination, mycelial 
proliferation, fruiting body formation and spore 
production by fungi, microbial respiratory activity, 
photosynthesis of cyanobacteria, algae and lichens; 
nitrogenase activity of microbes involved in nitrogen 
fixation, and viral infectivity. Furthermore, microbial 
activities such as nitrification, denitrification, litter 
decomposition and mineralization of carbon, nitrogen and 
phosphorus and interactions such as host-parasite and 
host-saprophyte relationships, and mutualism are often 
adversely affected by atmospheric pollutants (Babich and 
Stotzky, 1974, 1978). 
Soil is a major sink for the removal of many gaseous 
pollutants. The removal of some pollutants by soil by 
abiotic process is reported^ e.g. sulphur dioxide, 
nitrogen dioxide, ozone and ammonia (Ferenbaugh ^ al. . 
1979; Abeles ^ al., 1971; Turner ^ , 1973; Malo and 
Purvis 1964). Microorganisms in soils may also be minor 
sink for the removal of atmospheric sulphur dioxide. Some 
fungi isolated from soil, e.g. species of Alternaria. 
Penicillium, Chaetomium. Colletotrichum. Trichoderma, 
Rhizopus and Fusarium oxysporum, were able to remove 
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sulphur dioxide from atmosphere (Craker and Manning, 
1974. The removal of atmospheric SO2 and ammonia by soil 
is predominantly an abiotic process. Once these gases 
come into contact with the solution, they form soluble 
products vvhich may be utilized by the microbiota. 
The adverse influence of gaseous pollutants on the 
formation and germination of_fungal spores has been shown 
In o-rv£> ? J.O'S-^' ' experimentally. Morphological abnormalities are also 
induced in microorganisms by the gaseous pollutants. The 
abnormalities may be permanent or temporary e.g. the 
conversion to subterranean hyphae during fumigation with 
ozone, and the reversion to aerial growth when ozone is 
removed (Hibben and Stotzky, 1969) . Conidia of 
Alternaria solani germinate while still attached to 
conidiophore in the presence of ozone (Rich and 
Tomlinson, 1968). Formation and germination of spores in 
Botrytis cinerea was inhibited by ozone exposure (Krause 
and Weidensaul, 1978). Adverse effect of ozone on 
germination of fungal spores of different fungal species 
i.e. Verticillium albo-atrum, V. dahliae. Colletotrichum 
laqenarium, Fusarium oxysporum, Botrytis alii, 
Trichoderma viride, Aspergillus niger. Penicillium 
eqyptiacum were observed by Hibben and Stotzky (1969). 
Spore germination was also inhibited by SO2 in some fungi 
e.g. Phytophthora infestans (Saunders, 1970), Diplocarpon 
rosae (Saunders, 1966), Alternaria sp. (Couey, 1965). 
Obligate fungal parasites are also adversely affected 
(Heagle, 1973; 1982). Inhibitory effect of SO2 (0.1 ppm, 
0.2 ppm) on conidial germination of some powdery mildew 
fungi e.g. Sphaerotheca fuliginea, S. cassiae. Ervsiphe 
cichoracearum. E. trifolii, E. pisi. E. polygoni. 
Microsphaera alphitoides f. sp. zizyphi and Phyllactinia 
dalberqiae was observed in artificial treatments. The 
percentage conidial germination was increasingly 
inhibited with an increase in concentration of SO2 and 
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exposure period (Khan and Kulshreshtha, 1991). 
Effect of gaseous pollutants on mycorrhiza 
Plants are adversely affected by the pollutants. 
There have been many reports on the effects of gaseous 
air pollutants and simulated acid rain on conifer trees 
(Costonis, 1970; Wood and Borman, 1977). Obligate fungal 
parasites are also retarded by exposure of host plants to 
pollutants that damage the host tissue. Infection of oat 
by Puccinia coronata; of wheat by Puccinia qraminis; and 
of barely by Erysiphe qraminis was reduced by exposures 
to ozone (Heagle, 1975), and infectivity of Uromvces 
phasedi on kidneybean was reduced by treatemnt with 
simulated acid rain (Shriner, 1977). 
MytSorrhiza symbiotic assocTa^i^rTS~ar« beneXi£:.ia,l to^ 
the—g-rowth and development of plants (Beckjord et , 
1984-;—Mosse and Hayman, 1971") . Some ectomycorrhizae are 
known to alter some of the effects of air pollutants 
through promotion of shoot and root growth (Garrett ^ 
al., 1982; Mahoney ^ , 1985). Red oak (Quercus rubra 
L.) mycorrhizae were found to be adversely affected by 
ozone, sulphur dioxide and acidic precipitation (Reich ^ 
al. ^  1985). Keane and Manning (1988) observed interac-
tions between O3 and simulated acid'^rain (SAR) on 
ectomycorrhizae formation in birch seedlings. Interac-
tions between O3 and SAR, SAR and mycorrhizal treatment, 
soil regime and mycorrhizal treatment and ozone and soil 
regime had significant effects. Treatment of seedlings 
with pH 3.5 SAR caused increases in growth which were 
more apparent in birch exposed to O3. Mycorrhizal 
treatment caused increased growth in non-steamed soil, 
while growth decreased in steamed soil. Birch seedlings 
grew much better in steamed soil. 
The effect of acid rain and ozone on soybean plant 
with endomycorrhizal fungus Glomus macrocarpus was 
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observed by Feicht (1981) .. "Kie-Simulated acid rain of pH 
3.2 or 2.8 did not affect percentage root colonization by 
G,. macrocarpus. and ozone reduced spore production of G. 
macrocarpus without reducing colonization. The total 
number of chlamydospores per unit dry weight of root was 
reducced by 0.08 ppm O3 (Feicht, 1981). McCool ^ al. 
(1979) found that weekly acute exposures to O3 eliminated 
the beneficial growth response for troyer citrange seed-
lings to infection by G. fasciculatus. It was suggested 
that O^ altered host metabolism by changing percent P, K, 
Ca and Na in citrange leaves and thus affected the 
mycorrhizal symbiosis and reduced percentage root 
infection. 
Effect of automobile pollution on VAM spore 
population of soil from 6 different traffic intersectiojis 
of Delhi for 4 months were determined .^The changes in 
spore population was determined b o ^ for soil from 
surface and 6 inches depth. The tra&ric density and lead 
concentrat iojT_wer_e„negat.i-v©l4£.,,QDrrela with spore 
number ^ , 1988a2j^/Another survery in Delhi 
revealed tKe d^scfeased number of VAM fungi near the 
Indraprastha thermal power station and their number 
increased with increase in distance from the stat a-d^. The 
forms of VAM fungi found were sclerotial and/lost their 
efficiency of forming association with the 'plant growing 
in the vicinity (Jagpal ^ , 1988b). Saito (1990) 
observed stimulating effect of charcoal on infection of 
soybeans by the indigenous VAM fungi, when soybeans were 
grown in a humus rich and soil near Morioka-city, Japan 
with or without application of charcoal. The stimulating 
effect was found only before the flowering stage and with 
low rates of P fertilizer. 
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Effect of air pollutants on root nodulation 
Besides many factors limiting the bacteria as 
described earlier in root nodule bacteria section, some 
reports on effects of pollutants on nodulation in lagumes 
are also found. Blum and Tingey (1977) demonstrated that 
ozone affected root growth and nodulation of soybean 
through indirect effect on the folliage. Decreased photo-
synthesis, increased foliar respiration, and a retention 
of amino acids, proteins, and carbohydrates in foliage 
were observed following O3 exposures (Middleton, 1961; 
Tingey, 1978). Tingey (1978) asserted that the reduction 
in the amount of excess carbohydrates available for 
translocation to roots would cause less energy to be 
available for colonization by N2-fixing bacteria. Root 
colonization by mycorrhizal fungi might be similarly 
affected by O3. 
The reduced Rhizobium nodulation, nitrogen fixation, 
and/or leghaemoglobin content were observed in leguminous 
plants following 1 or 2 acute O3 exposures in greenhouse 
or controlled environment chambers (Blum and Heck, 1980; 
Blum and Tingey, 1977). In a greenhouse, the number of 
Rhizobium nodules per plant and the nodule weight per 
plant in soybean were reduced 46 and 41% respectively, by 
exposures to 0.25 ppm O3 for 4 h per day, 3 days per 
week, for 11 weeks (Reinert and Weber, 1980). 
Rhizobium nodulation of kidney beans grown in 
greenhouse or field plots and soybeans grown in a 
greenhouse (Shriner, 1974; Waldron, 1978) was reduced by 
sulphuric acid rain of pH 3.2. McGuirt (1976) reported 
that nodulation of soybeans grown in field plots was not 
reduced by rain of pH 3.5. Waldron (1978) separated the 
effects of H"^  and SO^" ions on nodulation by *rain' or 
soil drench applications of sulphur (pH 5.7). He found 
that H"^  ions were the major cause of the inhibition, 
however, SO^" ions caused a slight reduction in 
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nodulation when applied as *rain'. Shriner (1974) and 
Waldron (1978) suggested that a substance leached from 
the foliage may also have contributed to the inhibition 
of nodulation. 
Singh (1989) observed adverse effects of SO2 and O3 
alone or in mixture (artificial exposure in micro 
exposure cabinet) on the formation of rhizobial colonies 
on yeast extract mannitol agar medium. When lentil and 
chick-pea plants were exposed to either SO2, O3 or their 
mixture (0.1 ppm and 0.2 ppm) for 3 h every alternate 
day, in exposure chambers, nodulation was reduced in both 
the crops. The nodulation was completely inhibited in 
100% fly ash and reduced with the increasing levels of 
fly ash when fly ash was add^ to soil in a glasshouse 
experiment. 
Limited work has been reported related to the above 
aspects, which gives indication of overall air pollution 
damage to crops. The symbiotic relationships of crop 
plants with microorganisms are directly or indirectly 
affected by air pollution. Air pollution on the plants 
may affect the synergistic relationship of both the root 
symbionts i.e. root nodule bacteria and VAM fungi, 
especially in leguminous crops, causing imbalance, in 
nitrogen and phosphorus transformation system. This may 
add a new dimension to the agriculturists, because 
influence of mycorrhiza on legumes is potentially greater 
than for other plant groups due to indirect increase in 
N-status of the legume by alleviating P-stress (by VAM 
fungi). Some studies as summarized above show the 
possibility of imbalances in this systems or mycorrhizae 
may also alter some of the effects of air pollutants 
through promotion of shoot and root growth. Further and 
thorough investigations are needed in this direction. 
SECTION 
EFFECT OF AIR POLLUTION ON SPORE POPULATION OF VAM FUNGI 
IN SOIL AND ROOT COLONIZATION OF SOME LEGUMINOUS CROPS IN 
ALIGARH 
This study was cdnducted to diet^ rrwnie the effect of 
^ ^Cf!^ s, C x-V» 
air pollution, caused by thermal power plants on VAM 
fungi in relation to population of spores in soil and 
root colonization by VAM fungi. The thermal power plant 
at Kasimpur, used as the pollution source in this study, 
emits gaseous and particulate air pollutants in the 
atmosphere. SO2 and NO2 constitute major portion of the 
gaseous air pollutants produced during burning of coal 
used as fuel in the power plant. NO2 in the lower 
atmosphere is converted into O3 due to photolysis in the 
presence of hydrocarbons. All the three gaseous air 
pollutants are phytotoxic and the order of their 
phytotoxicity is 03>S02>N02 (Reinert, 1984). Fly ash 
emanating from the stack of the power plant are deposited 
on the soil of nearby areas and fields in Kasimpur. 
Effect of the air pollution caused by the thermal power 
plant on VAM fungi in the area has not been known. 
MATERIALS AND METHODS 
This study was carried out using a Thermal Power 
Plant, Kasimpur, 15 Km away from the Agriculture Farm of 
the Aligarh Muslim University, Aligarh (India), as source 
of air pollution (point source). Quantitative assessment 
of VAM fungal spores and percent root colonization by VAM 
fungi was done at various distances from the point 
source. Four sites (S^ ,^ Sj, S3 and S^) having leguminous 
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crops like pea (Pisum sativum L.)# chick-pea (Cicer 
arietinum L.), mungbean (Viana radiata (L.) Wilczek), 
clover (Trifolium alexandrinuin L.) and pigeon-pea 
fCaianus caian (L.) Millsp. were selected for the study. 
Soil sampling and root sample collection 
Sampling was done for each crop separately from the 
fields of leguminous crops at S^ ^ and S2, S3 (point 
source, 2 Km, and 5 Km away, respectively) in the usual 
wind-ward direction (W—E) and one control site (S4) -
the University Agriculture Farm, 15 Km away from the 
point source. Sampling was done in different months i.e. 
pea-December 1990, chick-pea-February, 1991; mungbean-
April 1991, clover-June, 1991; pigeon pea-August, 1991. 
Soil samples (soil cores 5 cm in diam.) were 
collected at random from each site with the help of soil 
auger upto a depth of 15 cm underneath the plant. Thirty 
such samples collected for each plant species were 
tRoroughly mixed to make a co^nposite sample. Six 100 g 
soil samples were used for recovery of sporesT 
Six root_^aiPPles for each species were collected at 
random in order to assess root colonization of VAM fungi. 
Roots were taken out of the soil and washed with tap 
water. A representative sample of the entire root system 
was obtained from four or five different portions of the 
root system and combined. 
Soil characteristics 
The soil samples were brought to laboratory, marked 
and packed in polythene bags and their electrical 
conductivity (EC) and pH were measured with EC meter and 
pH meter respectively (Elico Co. Ltd., Hyderabad, India) 
with the extract from 1:1 soil/water suspension (w/v). 
The texture of soil in relation to particle size was 
determined by hydrometer method (Allen ^ , 1974) and 
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total organic carbon by Degtjareff method (Walkley and 
Black, 1934) ; total nitrogen by micro-kjeldahl method 
(Nelson and Sommers, 1972); and total phosphorus by 
molybdenum blue method (Allen ^ , 1974). 
Quantitative estimation of spores from soil samples 
Spores of VAM fungi were isolated by the wet sieving 
and decanting method (Gerdemann and Nicolson 1963). For 
this, a sample of 100 g dry soil was mixed in water (1000 
ml) and the heavier particles were allowed to settle for 
few seconds. The liquid was poured through a coarse soil 
sieve to remove large pieces of organic matter. The 
liquid passed through this sieve was collected and again 
passed through a nest of varied sized sieves i.e. 80, 
100, 150, 250 and 400 mesh. Spores obtained on sieves 
were collected with water in separate beakers. The spores 
were counted in 1 ml of the suspension in nematode 
counting dish under the stereoscopic microscope. The 
final number of spores/100 g of soil was calculated 
accordingly for each crop. 
Assessment of colonization by VAM fungi 
Clearing and staining the roots (Phillips and Hayman, 
1970) 
Roots were washed with tap water and cut into 1 cm 
long segments and then boiled in 10% KOH solution at 90°C 
for 45 minutes. KOH solution was then poured off and 
roots were rinsed well in a beaker using at least three 
complete changes of tap water or until no brown colour 
appeared in the rinsed water. Alkaline H2O2 which was 
used to bleach the roots, was made by adding 3 ml of 
NH4OH to 30 ml of 10% H2O2 and 567 ml of tap water. The 
roots were rinsed thoroughly using at least three 
complete changes of tap water to remove the H2O2. Roots 
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were then treated with 0.05% Trypan blue (in 
lactophenol) and were kept for one hour. The specimens 
were then removed from Trypan blue and kept for overnight 
in destaining solution, prepared with -
Acetic acid (laboratory grade) - 875 ml 
Glycerine - 63 ml 
Distilled water - 63 ml 
The cellular contents were removed by this method 
and VAM fungal structures were stained dark blue. These 
stained root segments were used for determining the root 
colonization by VAM fungi. 
Percentage of root colonization was determined by 
slide method (Giovanetti and Mosse, 1980). The root 
segments were selected at random from the stained sample 
and mounted on microscopic slides in groups of 10. One 
hundred to one hundred and fifty (100-150) root segments 
from each sample were used for the assessment. The 
presence or absence of colonization in each root segment 
was recorded and result was expressed as percentage of 
root colonized. The root colonization (mycorrhizal 
infection in the roots) was calculated as follows: 
No. of mycorrhizal segments 
% VAM association X 100 
Total no. of segments screened 
Isolated spores were identified with the help of 
keys and work provided by different workers e.g., 
Synoptic Keys (Trappe, 1982) and Key to Endogonaceae 
(Hall and Fish, 1979), Bakshi (1974), Rani and Mukerji 
(1988) and Srinivas ^ al. (1988). 
RESULTS 
Glomus, Sclerocystis. Acaulospora and Giqaspora were 
found to be present at the sites. The sporulation of the 
VAM fungi and percent VAM colonization of roots in 
different leguminous crops were found to be reduced under 
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Table 1. Soil characteristics 
Site pH Soil 
texture 
class 
Particle size Elect. Organic Available Phosphorus 
Sand% Silt% Clay% conduc- ' carbon% N% Kg/ha 
tlvity 
(mmhos cm~^) 
Sj^  .8.4 Sandy 
loam 
74.5 19.5 6.00 5.7 0.715 .038 6.3 
S2 7.8 Sandy 
loam 
69.25 20.50 11.50 4.66 0.712 .041 2.4 
S^ 8.2 Loamy 
sand 
79.5 12.25 9.25 3.66 0.560 .052 5.7 




Table 2. VAM species present at each site 
Presence at each site 
VAM species 
Glomus epiqaeum + + + + 
Daniels and Trappe 
Glomus mosseae + + + + 
Gerd. and Trappe 
(Nicol & Gerd) 
Glomus fasciculatum + + + + 
(Thaxter sensu Gerd.) 
Gerd & Trappe 
Glomus sp. + + + + 
Sclerosvstis sinuosa - - + + 
Gerd & Bakshi 
Sclerocystis coremioides + + + + 
Bk & Br 
Acaulospora laevis + + + + 
Gerd & Trappe 
Acaulospora bireticulata - - + -
Rothwell & Trappe 
Acaulospora eleqans - _ + _ 
Trappe & Gerd 
Acaulospora sp. + + + + 
Giqaspora calospora + - - + 
Gerd & Trappe 
Giqaspora sp - + + + 
+ = Present, - = Absent 
PLATE I. VAM FUNGI IN SOILS COLLECTED FROM FIELDS OF 
LEGUMINOUS CROPS 
1. Acaulospora elegans 
2. Sclerocvstis sinousa (Sporocarp) 
3. Sclerocvstis coremicides (Sporocarp) 
4. Spcrs of S. coreiTiioides 
5. Gloirius sp. 
e, GigaSpcra sp. 

41 
the pollution stress caused by the thermal power plant. 
The decrease in spore count and percent root colonization 
was irrespective of the season in which survey was done 
or the crop involved. The presence of the following 
genera was recorded with increase in their spore count 
with distance from point source. The species identified 
are given in Table 2 (Plate I: 1-6). 
Glomus - This genus was dominant at all the sites 
and in each crop. The spore count of the 
genus was reduced under the pollution. 
The reduction in total spores of VAM 
fungi was apparently due to reduced 
number of Glomus spores. 
Sclerocystis - Considerable decrease in the spore number 
of the genus Sclerocystis was found at S^ ^ 
and S2 when compared with S3 and S^. 
Acaulospora and Gigaspora - The number of 
spores of these genera was lower at Sj^  
but the difference observed was not 
remarkable at each site. 
Reduced percent VAM colonization of roots was 
observed at point source. It was below 50% in all the 
crops. The colonization increased gradually with an 
increase in the distance from the point source. Maximum 
reduction in root colonization was recorded in pea plants 
(41%) at Sj^  when compared with S^. 
The minimum number of total spores were recovered 
from the fields at point source (32-58/100 g soil). The 
total number of spores were found to be increased as the 
distance increased from the point source irrespective of 
the crop, i.e. 55-111 at 33, 123-272 at S3 and 198-282 at 
S4 (Table 3). When compared with S^ (control site), 
42 
Table 3. V ^ spore population and percent root colonization at 
^rious distances from the point source 
Total SDore number %VAM 
site / Crop spores/ Gl. Sc. Ac. Gi. infection 
/ ^100 g soil 
Pea 37 25 3 4 5 47 
Chick-pea 42 31 3 5 3 38 
Mungbean 40 29 - 9 2 45 
Clover 58 35 5 17 2 49 
Pigeon-pea 32 28 
• 
4 41 
Pea 93 62 6 17 8 46 Ci Chick-pea 111 76 4 17 14 55 
Mungbean 65 50 8 4 3 40 
Clover 110 81 2 18 9 63 
Pigeon-pea 55 33 2 9 11 41 
S3 Pea 145 112 15 8 10 59 •J Chick-pea 123 118 3 4 3 63 
Mungbean 140 121 14 5 10 65 
Clover 272 245 14 4 9 67 
Pigeon-pea 150 95 35 16 4 50 
S4 Pea 275 252 10 10 3 76 *± Chick-pea 198 168 15 8 7 62 
Mungbean 203 175 12 9 7 59 
Clover 282 235 22 16 9 71 
Pigeon-pea 203 172 25 3 3 58 
G1 = Glomus. Sc = SclerocYstis. Ac = Acaulospora, Gi = Giqaspora. 
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reduction in spore numbers at S^ ^ for pea, chick-pea, 
mungbean, clover and pigeon-pea was 86.54%, 78.8%, 
80.29%, 79.43% and 84.23%, respectively. 
Extensive VAM formation was indicated by the 
presence of arbuscules throughout the study. 
Extramatrical and internal vesicles were also found to be 
present in all the crops. All the soil samples were 
alkaline in nature with a narrow range of pH. The number 
of spores and percent colonization of root were not 
correlated with the edaphic factors determined (Table 1). 
DISCUSSION 
Air pollution due to coal burning in the thermal 
power plant, Kasimpur had significant and unfavourable 
impact on some crops (Khan and Khan, 1991). According to 
Khan (1988) and Singh (1989) sulphur dioxide, nitrogen 
dioxide and suspended particulate matter (SPM-mainly fly 
ash) were the major air pollutants present during coal 
burning in the power plant (Kasimpur). SO2, NO2 and 
particulates are mainly produced due to usage of fossil 
fuel as an energy source (Wood, 1968; Carlson, 1983). 
Very limited work has been done on VAM fungi in 
relation to environmental pollution. In the present 
study, VAM spore population of VAM fungi and root 
colonization by these were highly reduced at Sj^  (point 
source) . Due to increase in the distance (after S2-2 Km 
away from the point source) resulting in decrease in the 
concentration and toxicity of the air pollutants, the 
number of spores as well as root colonization showed an 
increase. Similar results were obtained by Jagpal ^ al. 
(1988b)H The reduction in spore numbers and root 
colonize\tion may be due to cumulative and localized 
effects (^f the pollutants emission. 
44 
ash was -also deposited in the fields. Heavy 
metals have been detected to be present in the fly ash 
emitted from the thermal power plant at Kasimpur (Pasha, 
1991) . The presence of Zn, Cu, Ni and Cd in soil is 
reported to reduce the degree of VAM colonization (Gildon 
and Tinker, 1983a; letswaart ^ al. , 1992). Wide 
variation in spore number existed when quantitative 
assessment of distribution of VAM fungi in Glycine max 
plants was done due to automobile pollution stress 
(Jagpal ^ , 1988a). In addition to direct impact of 
air pollutants, host-mediated effect of the pollutants 
may have also affected the VAM fungi. Plants growing 
under air pollution stress show reduced growths of roots 
and shoots (Tingey ^ , 1976; Spence ^ , 1990). 
Various physiological and biochemical processes are 
impaired (Howell and Kremer, 1973 ; Klarer ^ , 1984). 
The quality and quantity of photosynthates are adversely 
affected. Under such a situation, root symbionts like 
VAM fungi are expected to be adversely affected resulting 
in reduced spore count and root colonization. Reduction 
in the amount of carbohydrates translocated to roots is 
reported to inhibit root modulation by N2-fixing bacteria 
(Tingey, 1978). Reduced root system would also provide 
less infection sites and space for VAM fungi. Poor plant 
growth under the pollution stress and declined ' 
nutritional status of the leguminous plants growing 
around the thermal plant may have indirectly contributed ; 
towards reduction in spore count and root colonization by 
VAM fungi. 
In general, the legumes are mycorrhizal in nature 
(Mosse, 1976) . All the plants in this study were 
associated with VAM fungi. Differences in percent 
colonization and sporulation of the symbiont in 
association with different crops receiving similar 
environment may be attributed to the specificity of the 
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symbiont to the crops (Mosse, 1973; Kruckleman, 1975). 
Spores belonging to more than one species of VAM fungi 
are often found in agricultural soils (Hayman and 
Stovold, 1979; Padmavathi et , 1991). Mixed infection 
was found in all leguminous crops at all sites in this 
study and great diversity in VAM spore types was seen. 
Effects of the edaphic factors determined for different 
sites in the study were not remarkable. No correlation 
between mycorrhizal colonization and soil phosphorus 
(Ammani ^ , 1988) and % soil moisture, % fine 
fraction, % organic matter content (Hafeel and 
Gunatilleke, 1988) was observed. 
SUMMARY 
Impact of ambient air pollution, caused due to coal 
burning in a thermal power plant (Kasimpur), on root 
colonization and spore population of VAM fungi was 
assessed. Leguminous crops like pea, chick-pea, clover, 
mungbean and pigeon-pea were examined for the impact 
assessment. Air pollution suppressed the root 
colonization and spore population of VAM fungi 
irrespective of the season and crop involved. The effect 
was cumulative and related to the distance from the point 
source, because of higher concentrations of fly ash and 
gaseous air pollutants. The reduction in percent root 
colonization and VAM spore population was higher at Sj^  
(in the vicinity of thermal power plant) compared to 
other sites. The genera of VAM fungi identified, were 
Glomus, Sclerocystis. Gigaspora and Acaulospora. Glomus 
was the dominant genus at all the sites. Mixed population 
with great diversity in VAM spores and presence of 
arbuscules inside the root were recorded throughout the 
survey. The soils collected from the various sites were 
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alkaline in nature with a narrow range in pH. No 
correlation_\/as found between per cent VAM colonization, 
VAM spore population and edhaphic factors like soil pH, 
texture, organic carbon, total nitrogen and phosphorus. 
SECTION II 
EFFECT OF SULPHUR DIOXIDE ON PLANT GROWTH AND YIELD OF 
MUNGBEAN AND CHICK-PEA AND ON THEIR ROOT NODULATION BY 
ROOT NODULE BACTERIUM AND ROOT COLONIZATION BY VAM FUNGUS 
This experiment was conducted to study the effect of 
SO2 on plant growth and yield of mungbean (Vigna radiata 
(L.) Wilczek) and chick-pea (Cicer arietinum h.) , two 
important leguminous crops in India, and on their root 
nodulation by root nodule bacterium Bradyrhizobium 
iaponicum Jordan and root colonization by VAM fungus 
Glomus fasciculatum (Thaxter sensu Gerd.) Gerdemann and 
Trappe. Plants were exposed in artificial treatment 
conditions. The effect was assessed by determining 
length, fresh and dry weights of plants, their yield, 
leaf pigments, nitrogen and phosphorus contents in shoot 
and root, seed protein, root nodulation by the root 
nodule bacterium and root colonization by the VTvM fungus. 
MATERIALS AND METHODS 
.Starter culture of VAM fungus (Inoculum production) 
In the study, ^ fasciculatum was used as VAM 
fungus. Spores of G. fasciculatum were obtained by wet 
sieving and decanting method (Gerdemann and Nicolson, 
1963). Soil samples from fields of some leguminous crops 
e.g. pea, clover and lentil, were collected from 0-15 cm 
depth with the help of an auger. The soil samples were 
screened on soil sieves of various mesh sizes (50, 80 
100, 200 and 250 mesh). Repeated washings with Ringer's 
solution (NaCl 6gl~^, KCl O.lgl"^ and CaCl2 0.1 gl"^ in 
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D.W. , pH 7.4) isolated and recovered most of the spores 
from soil detritus. Spores of G. fasciculatum were 
identified under a dissecting microscope (15x) with the 
help of the Synoptic Keys (Trappe, 1982) and the spores 
were subsequently used for pot culture. Spores were 
separated with a microspatula and picked up by a pasteur 
pipette fitted with a rubber bulb. These were then 
surface sterilized for two minutes in a solution 
containing chloramine T20gl~^, streptomycin 300 mg 
and Tween 80, a trace amount in distilled water. 
Culture of G. fasciculatum was raised on chick-
pea (Cic^ arietinum L.) in a glasshouse. Chick-pea seeds 
were surface sterilized with 0.1% solution of HgClj. 
Surface sterilized seeds were dressed with soil-based 
culture of ^ i aponicum before sowing. Three seeds 
inoculated with the root nodule bacterium were planted in 
each of 7 5 plastic cups (200 ml) containing sterilized 
field soil. The spores of G. fasciculatum were layered at 
the rate of 30 spores per cup. After emergence, seedlings 
were thinned to one seedling per cup. Ten-day-old 
seedlings were transplanted with the soil into cup-shaped 
depression made in soil in clay pots (30 cm diam.). The 
sides of the depression had previously been lined with 
sterile sand containing 40 spores of G. fasciculatum in 
order to put the roots of transplanted seedlings in 
direct contact with the spores. In total, 70 spores were 
thus added to each plant. All plants were watered when 
needed. 
The plants were uprooted after 125 days of the 
transplantation. The spores were again isolated by wet 
sieving and decanting method from the pot soil. The 
spores and root cuttings were then used for further 
experiments. 
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Inoculation of VAM fungus 
Inoculum of the VAM fungus gj, as,cicu3.atuiT\ was 
applied at the rate of 1000 spores/pot as thin layers 6 
and 2 cm below the surface of the soil before sowing the 
seeds in experimental pots. The inoculum which consisted 
of spores was obtained from the pot culture of G. 
fasciculatum raised on chick-pea, as described above. 
Isolation of root nodule bacterium 
Root nodule bacterium B^ iaponicum was isolated 
separately- from mungbean and chick-pea and grown in 
petri- plates on congo red yeast extract medium. The 
constituents of the medium were mannitol - 10.0 g, 
K2HPO4- 0.5 g, MgSO^: VHjO - 0.2 g, NaCl - 0.1 g, Yeast 
extract - 1.0 g, Agar agar - 20.0 g, Distilled water 
1000 ml, Congo red (1%) - 2.5 ml. Root systems of 
mungbean and chick-pea were collected from fields and 
washed cleanly. A healthy pinkish well formed nodule on 
the tap root of each crop was carefully cut with a 
portion of root attached to the nodule, surface 
sterilized for 5 min in 0.1% mercuric chloride and 
repeatedly washed with sterilized water. It was then 
washed in 70% ethyl alcohol for 30 min followed by more 
washing with sterilized water (Ash and Allen, 1948). With 
the help of a sterilized glass rod, the nodule was 
crushed in a small aliquot of sterilized water and the 
suspension was diluted in order to obtain distinct 
colonies. 
One ml of the dilution for each crop was added 
separately in petriplates each containing 15 ml of Congo 
red yeast-extract mannitol agar medium. The petriplates 
were incubated at 28°C (±2). After seven days, 
glistening, elevated colonies of B^ . japonicum developing 
on the medium in petriplates were picked up and purified 
by reculturing. The isolates from mungbean and chick-pea 
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were maintained separately in culture tubes. 
Pure culture of Bradyrhizobium iaponicum 
Yeast extract mannitol agar (YMA) of the following 
constituents was used for pure culturing of B. iaponicum 
(Fred ^ , 1932) - K2HPO4 - 0.5 g, MgSO^. 7H2O - 0.2 g, 
NaCl - 0.1 g, Mannitol - 10.0 g, Yeast extract - 0.4 g, 
Agar agar 15.0 g, Distilled water - 1000 ml. 
Culture tubes plugged with non-absorbent cotton wool 
containing 10-15 ml of the medium were autoclaved at 15 
lb. psi (121°C) for 20 min. After solidification of the 
medium the slants were inoculated separately for both the 
plants with the isolate of B. iaponicum in aseptic 
conditions at laminar flow bench, and incubated at 28°C 
(±2) . iaponicum colonies were found growing in about 
seven days. 
Inoculation of seeds with Bradyrhizobium iaponicum 
Seeds of mungbean and chick-pea were inoculated 
(seed dressing) with their respective isolates of B. 
iaponicum prior to sowing in pots. A mixture of the field 
soil and compost in the ratio of 1:1 was used for soil-
based culture of B. iaponicum. One kg of the soil-compost 
mixture was autoclaved and its pH was maintained at 7 by 
mixing 10 g of CaC03. Ten gram sucrose, 0.5 g K2HPO4 and 
water were added to the soil-compost mixture. Pure 
culture of B. iaponicum was then mixed with the soil-
compost mixture thoroughly. Mungbean and chick-pea seeds 
were treated with this mixture and dried in shade for one 
hour before sowing. 
Plant culture and treatment 
Seeds of mungbean Vigna radiata (L.) Wilczek cv Pusa 
105 and chick-pea, Cicer arietinum L. cv Pusa 269, were 
sterilized for 2 min in 0.1% HgCl2 solution. Seeds (six 
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seeds per pot) were sown in 12 clay pots (15 cm diam) 
having steam sterilized field soil (66% sand, 24% silt, 
8% clay, pH 7.5) for each crop. The sowing was done into 
4 sets (18 pots/set) . The fist set of pots had plants 
only i.e. without B^ iaponicum or G^ fasciculatum. In 
the second set, plants were raised from seeds treated 
with B. iaponicum (Cicer or Viqna isolate). G. 
fasciculatum was inoculated in the third set of plants. 
The fourth set of plants was inoculated with B^ iaponicum 
and ^ fasciculatum together. 
The following treatments were made with SO2 
Unexposed set 
Plant 
Plant + Bradyrhizobium iaponicum 
Plant + Glomus fasciculatum 
Plant + B. iaponicum + G. fasciculatum 
Exposed sets 
Plant + 0.1 ppm SO2 
Plant + B. iaponicum + o.l ppm SO2 
Plant + G. fasciculatum + 0.1 ppm SO2 
Plant + B. iaponicum + G. fasciculatum + 0.1 ppm SO2 
Plant + 0.2 ppm SO2 
Plant + B. iaponicum + 0.2 ppm SO2 
Plant + G. fasciculatum + 0.2 ppm SO2 
Plant + B. iaponicum fasciculatum +0.2 ppm SO2 
There were six replicates for each treatment. 
The pots^were arranged in complete randomized blocks 
in a glasshouse. Each block was divided into treatments 
to be a^ssigned to the levels of the first factor at 
random and next to SO2 treatment to the levels of second 
factor. 
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Exposure chamber and SO2 exposure 
SO2 was generated by the reaction of sodium sulphite 
and H2SO4 in a generator (Standard Appliances, Varanasi, 
In^a) . Desired concentration of SO2 was obtained by 
using different concentrations of sodium sulphite. SO2 
was generated and sampled to determine 0.1 and 0.2 ppm 
concentration. The sampling was done by air sampler 
(Kimoto Electronics, Japan) and analysed in the 
laboratory. The concentration of SOj in the sampled air 
was determined by Weast and Fack method as prescribed by ,1 _ _  ^^  
National Environmental Engineering Research Institute, 
Nagpur in its Air Quality Monitoring Course Manual 
(Anon., 1986). 
The exposure chambers (Fig. l)were made up of 
transparent lucite sheet. The height and cross sectional 
areas were 120 cm and 8100 cm^ respectively. Air intake 
and circulation in the chamber was maintained by electric 
blower mounted under the perforated bottom plate and 
controlled by an electronic regulator. Blower of the 
chamber was run at constant voltage (200 V) , because at 
different voltages, the quantity of air blown into the 
chamber varied, which could change the desired 
concentration of SO2. The blower of the chamber was 
connected with the generator by PVC tube. The blower was 
provided with specific blades for drawing air and 
maintaining a pressure drop at the suction end of the 
assembly. SO2 gas dispensed through a ring shaped 
perforated tube mounted at the suction end of the 
assembly. The gas released from generator per minute was 
thoroughly mixed and diluted with the air entering the 
chamber per minute. The rates of gas mixing and feeding 
were constant and measured on per minute basis. The 
concentration of gaseous pollutant (SO2) circulating 
through the chamber was expressed as ppm of gas/cubic 
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All sets of mungbean (23 day old) and chick-pea 
(32-day-old) plants, designated to be treated with SO2, 
were exposed for 3 h on alternate days to the known 
concentrations of SO2 i.e., 0.1 and 0_.2 till the 
termination of the experiment t^^ days for mungbean; ^ , ^ ' -1 
days, for chj-ok-pea) . As a consequence total 34 exposures 
were made for each crop. After every exposure, pots were J # again transferred to glasshouse. 
Plant growth anu yiexu 
At the termination of the experime'nt, length of 
shoot and root of plants of both the crops from each 
treatment were measured and their fresh and dry weights 
were determined. For determining the dry weight, root and 
shoot of each plant from the treatments were wrapped in 
blotting sheets, labelled and dried in a hot air oven at 
60°C for 24 h and weighed. Number of pods per plant were 
counted to determine the yield in each treatment. 
Root colonization by the VAM fungus 
Percentage colonization of roots by the VAM fungus 
was assessed in 90-day-old plants in mungbean and 100-
day-old plants in chick-pea at the termination of the 
experiment. Three soil cores were taken with the help of 
an auger (2.5 cm diam. ) from each pot of the treatments 
containing inoculum of G. fasciculatum. Cores were 
combined as one sample per pot. Soil of each sample was 
suspended in water and roots were retained on a 100 mesh 
sieve. Root pieces (1 cm long) were cleared and stained 
as described previously. Stained root pieces (40-60 per 
root sample) were mounted in lactophenol in horizontal 
rows between two glass slides and examined 
microscopically (25x). Percentage root colonization was 
expressed as described in Section I. 
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Quantitative estimation of spores from soil 
Spores of fasciculatum were isolated from pot 
soil of the treatments inoculated with the VAM fungus by 
wet sieving and decanting method (Gerdemann and Nicolson, 
1963). Repeated washings with Ringer's solution were done 
to separate the spores from soil detritus. The suspension 
thus obtained was made upto 50 ml. The spores were 
counted in 1 ml of suspension in a nematode counting dish 
under the stereoscopic microscope. The final number of 
spores/lOOg soil was calculated accordingly for each 
crop. 
Root nodulation 
Roots carefully removed from the pots were washed 
thoroughly in tapwater to remove adhered soil particles. 
The number of nodules per root system was counted for 
each treatment. For determining the dry weight, the 
nodules were detached from each root sample (of mungbean 
and chick-pea) and kept in a labelled petridish (5 cm 
diam.) for 24 h in an hot air oven at 60°C and weighed. 
This dry weight was added to root dry weight of 
respective treatments. 
Plant analysis 
Analysis of plant samples of each treatment from the 
glasshouse experiment was done for estimating chlorophyll 
content of leaves and phosphorus (P) and nitrogen (N) 
contents of shoots and roots and protein content of 
seeds. 
Chlorophyll estimation 
Chlorophyll content of leaves of mungbean and chick-
pea from different treatments of the experiment was 
estimated. 
For chlorophyll estimation, 1 g of leaves was ground 
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in 40 ml 80% acetone with the help of mortar and pestle. 
The suspension was decanted in buchner funnel having two 
Whatman paper No.l. Then filtration was done with the 
help of suction pump. The residue was ground thrice 
adding with 30, 20 and 10 ml of acetone, respectively. 
The suspension was decanted in buchner funnel and 
filtered in vacuum. At last mortar and pestle were rinsed 
with 80% acetone, transferred in buchner funnel and 
filtered in vacuum. The filtrate was transferred in 100 
ml volumetric flask and the volume was made upto 
capacity. The transmittance was read at 645 and 663 nm at 
spectrophotometer. Chlorophyll a, chlorophyll b and total 
chlorophyll were calculated accordingly by using optical 
density (O.D.) (% transmittance) (Machinney, 1941). 
Formulae employed were: 
Total chlorophyll (mg/g) -
20.2 (O.D. 645) + 8.02 (O.D. 663) 
X V 
a X 1000 X W 
Chlorophyll a (mg/g) -
12.7 (O.D. 663) - 2.69 (O.D. 645) 
X V 
a X 1000 X W 
Chlorophyll b (mg/g) -
22.9 (O.D. 645) - 4.68 (O.D. 663) 
X V 
a X 1000 X W 
Where, a=length of path light in the cell (usually 1 cm) 
V = Volume of extract in ml 
W = fresh wt. of the sample in g 
Estimation of nitrogen and phosphorus 
For estimation of nitrogen and phosphorus, in shoot 
and root of the plants, from each treatment (of mungbean 
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and chick-pea) samples were digested in the following 
way. For nitrogen and phosphorus in shoot, estimations 
were done only from the leaves of various treatments of 
the experiment. 
For the estimations, 100 mg of oven dried powder of 
leaves and roots from each treatment was transferred 
separately in 50 ml Kjeldahl flask, then 2 ml of 
chemically pure H2SO4 was added and flask was heated on 
Kjeldahl assembly for about 2 h till the dense fumes has 
given off and the contents has turned black. Then 0.5 ml 
of pure 30% H2O2 was added after 15 min of cooling. 
Heating was continued till the colour changed into 
light yellow. Extract was heated again for half an hour 
and cooled for 10 min for getting it clear. Then 3-4 
drops of 30% H2O2 was added dropwise followed by heating 
for 15 minutes. After that digested material was 
transferred in 10 ml volumetric flask with 3-4 washings 
and volume was made upto capacity. This digested material 
was used for estimating N and P, present in leaf and root 
(Linder, 1944; Lundegardh, 1951). 
Nitrogen 
Prior to estimating nitrogen present in the digested 
material of leaf (shoot) and root, standard curve was 
drawn by the following method. 
Standard curve 
Different dilutions in 10 test tubes (0.1, 0.2, 0.3, 
0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 ml) were made from the 
solution prepared by dissolving 0.236 g of ammonium 
sulphate in 100 ml of distilled water. The volume was 
then made upto 5 ml in each test tube by adding distilled 
water. A control was also run side by side. After that 
0.5 ml Nessler's reagent was added followed by 5 ml of 
distilled water. Percent transmittance was read at 525 nm 
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from spectrophotometer on developinq yellow orange colour 
after half an hour. Then a curve was drawn between 
concentration and O.D. 
Estimation 
.. An aliquot of 10 ml was transferred to 100 ml 
volumetric flask to which 2 ml of 2.5 N NaOH was added so 
as to neutralize the excess of acid. 1 ml of 10% sodium 
silicate was added to prevent turbidity. Then volume was 
made upto capacity. 5 ml of aliquot was taken in three 
test tubes followed by addition of 0.5 ml of Nessler's 
reagent with shaking, then 10 ml volume was made by 
adding distilled water. After waiting for 5 min, the % 
transmittance was read at 525 nm. The concentration was 
read with the help of O.D. from standard curve (Linder, 
1944) . 
Phosphorus Standard curve 
Different dilutions of potassium dihydrogen 
phosphate (KH2PO4) were used to draw the standard curve. 
For this, different dilutions of KH2PO4 of 0.1, 0.2, 0.3, 
0.4, 0,5, 0.6, 0.7, 0.8, 0.9 and 1.0 ml concentrations 
were taken into separate test tubes and final volume was 
made upto 5 ml by adding required amount of distilled 
water. Then 1 ml ammonium molybdic acid and 0.4 ml of 1-
amino 2-nepthol 4-sulphonic acid were added in each test 
tube followed by making the volume upto 10 ml with 
distilled water. After half an hour, percent 
transmittance was read at 625 nm. Then standard curve was 
drawn between concentration and O.D. 
Estimation 
Five ml of aliquot (digested leaf and root) was 
taken in three test tubes (separately for leaf and root), 
to which 5 ml of distilled water was added. After that 1 
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ml of ammonium molybdic acid was added, witli shaking, 
followed by addition of 0.4 ml l-amino-2-nepthol-4-
sulphonic acid. The control was run side by side. Percent 
transmittance was read at 625 nm. after half an hour. 
Concentration read from standard graph by using O.D. 
(Fiske and Row, 1925). 
Estimation of proteins 
The protein content of the seeds of mungbean and 
chick-pea from different treatments of the experiment was 
estimated by using the method given by Lowry ^ , 
(1951). 
Following reagents were prepared for estimating 
soluble and insoluble proteins contents of pulse seeds. 
Reagent A - 2% sodium carbonate in O.IN NaOH in ratio of 
1:1 
Reagent B - 0.5% CuSO^ in 1% sodium tarterate in ratio of 
1:2 
Reagent C - 50 ml reagent A + 1 ml reagent B (alkaline 
CUSO4) 
Reagent D - 50 ml of 2% sodium carbonate + 1 ml reagent B 
(Carbonate CuSO^ solution) 
Reagent E - Follin's reagent diluted to make 1 N acid, 
(diluted Follin's reagent) 
Standard curve 
A standard curve was prepared before actual 
estimation. Egg albumin (40 mq) was dir.r.olvod in 0.1 N 
NaOH solution, and the volume made upto 100 ml. Dilutions 
of 0.1 ml to 1 ml were taken from this solution in 10 
test tubes and reagent A was added to the test tubes. 
After 10 minutes 0.5 ml of reagent E was added to the 
test tubes, % transmittance read at 77 0 nm and standard 
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curve drawn between O.D. and concentration. 
Soluble protein 
50 mg dry powder of seeds was ground with 5 ml of 
double distilled water in mortar and pestle. Then water 
extract was decanted in centrifuge tube for centrifuga-
tion at 4000 rpm for 10 min in 50 ml volumetric flask and 
the residue was retained in centrifuge tube for 
estimating insoluble protein. After making the volume 
upto 50 ml, 1 ml of water extract was transferred in a 
10 ml test tube followed by addition of 5 ml of reagent 
C. After mixing, solution was left as such for 10 min. 
Then 5 ml of reagent E was added and mixed immediately. 
The control was run along with the experimental set. 
Percent transmittance was read at 660 nm after half an 
hour. The corresponding protein content was measured, by 
using the standard curve. 
Insoluble protein 
The residue retained in the centrifuge tube was used 
for insoluble protein estimation. 0.5 ml of 5% 
trichloroacetic acid was added to the residue with 
shaking. After half an hour it was centrifuged at 4000 
rpm for 10 min. The supernatent was discarded. 5 ml of 1 
N NaOH was added to the residue with vigorous shaking and 
kept in water bath for about an hour. After cooling it 
was again centrifuged and supernatent was collected in 50 
ml volumetric flask and volume was made upto the mark 
with IN NaOH. 1 ml of this solution was taken in test 
tube with 5 ml of reagent D followed by mixing. After 10 
min 0.5 ml of reagent E was added with immediate mixing. 
1 N NaOH was used in control. Percent transmittance was 
read at 660 nm after 30 min. The protein content was 
calculated by using the standard curve. Soluble and 
insoluble proteins were calculated separately and added. 
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to determine the total protein content. 
RESULTS 
Mungbean (Vigna radiata) 
Plant growth 
All the plant growth characters (lengths, fresh and 
dry weights of shoot and root) and yield parameter 
(number of pods/plant) of mungbean were affected 
adversely by SO2 treatment and favourably bv treatment 
with thjp root symbionts. 
Shoot and root lengths of the plants ^posed to SO2 
concentrations were ^ reduced signif icantly/f being highest 
/ f ) 
at 0.2 ppm^^L Plant length gave favourable response to 
Bradyrhizobium iaponicum and Glomus fasciculatum in 
single (inoculated either with the root nodule bacterium 
or the VAM fungus) and dual inoculations (inoculated with 
both i.e. root nodule bacterium and VAM fungus) . Shoot 
lengths of mycorrhizal and dual inoculated (mycorrhizal + 
nodulated) plants were significantly greater (P^.05) 
than uninoculated plants. Root length of dual inoculated 
plants was greater (72.07%) than uninoculated plants. In 
uninoculated plants, SO2 caused suppression in the 
lengths. In SO2 exposed plants, shoot and root lengths 
were reduced as compared to uninoculated unexposed 
plants. The reductions were much greater when compared 
with dual inoculated unexposed plants. Shoot length was 
reduced significantly (P>^ 0.05). at 0.1 ppm but at 0.2 ppm 
reduction was significant both in shoot and root lengths 
in most of the treatments. Dual inoculated plants 
exposed to 0.2 ppm of SO2 showed significant reductions 
in root and shoot lengths. Root and shoot lengths of 
dual inoculated exposed plants were, however, 
significantly higher than the lengths of uninoculated 
unexposed plants^<Table 1) . ^ " ^ . " '1. 
SO2 ajt jOrA PP''" reduced fresh weight of shoot 
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Table 1. Effect of SOj on length and fresh weight of mungbean 
plants 
J SO2 (ppm) 
Treatment Length (cm) Fresh weight (g) 
0 0. 1 0. 2 0 0.1 0.2 
Plant S-35. J 32. 13 30. 07 S-9.208 7.30 6 . 525 
R- 7. 34 6. 08 5. 75 R-2.50 2 . 160 1 .830 
Plant + S-37. 21 34. 16 31. 85 S-10.88 7.510 7 .391 
B. iaponicum R- 7. 99 6. 91 6. 16 R- 2.80 2.330 2 .116 
Plant + S-37. 83 36. 08 34. 50 S-11.16 9.325 8 .24 
G. fascicu- R- 8. 41 7. 12 7. 52 R- 3.06 2.820 2 .66 
1 a turn 
Plant + S-41. 13 38. 08 38. 12 S-14.30 13 . 07 12 .099 
B. iaponicum R-16. 63 10. 09 9. 91 R- 5.65 5.05 4 .083 
+ G. fascicu- ' 
latum 
=0.05) 
1 S R \ S R 
Treatment 2. 080 1. 127 1 \ .001 0.279 
SO, 1. 288 0. 914 0 .661 0.360 
Interaction 2. 576 1. 829 1 .323\ 0.650 X 
S = Shoot, R = Root 
Each value is mean of six replicates. 
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significantly in almost all the treatments except dual 
inoculated plants where only fresh weight of the shoot 
showed a decrease (P=0.05) at 0.2 ppm. Fresh weight of 
the root was less affected by • All the values of 
root length were significant only at 0.2 ppm. 
Fresh weight of the plants increased when inoculated 
either with B. iaponicum or fasciculatum or both 
(dual inoculation). Increase in root fresh weight was 
significant (P=0.05) only in dual inoculated plants 
(Table 1). 
Reduced and minimum fresh weights were obtained when 
uninoculated plants were exposed to 0.2 ppm SO2. Dual 
inoculated plants exposed to 0.1 ppm of SO2 showed least 
suppressions in fresh weights of shoot and root, but the 
values at 0.2 ppm were less (P=0.05) than unexposed 
plants. The uninoculated unexposed plants were 
statistically at par with mycorrhizal plants exposed to 
0.1 ppm SO2 (Table 1). 
SO2 reduced dry weight of the mungbean plants. Dry 
weights of shoot and root of uninoculated plants at 0.1 
and 0.2 ppm decreased significantly (P=0.05). The 
reductions were greater at 0.2 ppm. Significant increase 
in dry weight was observed in dual inoculated plants 
(Table 2). 
Dry weight in nodulated, mycorrhizal and dual 
inoculated plants in general were less affected by SO2 
exposures. In most of the cases dry weight of the 
inoculated plants were significantly higher than 
uninoculated plants at 0.1 and 0.2 ppm. Shoot and root 
dry weights of dual inoculatod plants exposed to 0.2 ppm 
SO2 were significantly greater than all the plants except 
dual inoculated unexposed plants or exposed to 0.1 ppm 
SO2. In uninoculated plants exposed to 0.2 ppm SO2, dry 
weights of shoot and root were reduced by 70.71% and 
88.5% respectively in comparison to dual inoculated 
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Table 2. Effect of SOg on dry weight and pod number of mungbean 
plants 
SO2 (ppm) 
Dry weight (g) Pod number/plant 



























































S = Shoot, R = Root, P.no. = Pod number 
Each value is mean of six replicates. 
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plants exposed to 0.2 ppm SO2 (Table 2). 
Yield 
Yield of mungbean, determined in terms of number of 
pods per plant, was adversely affected by SO2. The 
decrease in pod number was significant at 0.2 ppm. Dual 
inoculation of the plants significantly increased the 
number of pods. In single and dual inoculated plants, 
the effect of SO2 on pod number was comparatively less 
(Table 2). 
When exposed to 0.2 ppm SO2, pod number in 
uninoculated plants was reduced by 47.9% in comparison 
to dual inoculated plants (Table 2) . When the number of 
pods in uninoculated, nodulated, mycorrhizal and dual 
inoculated plants exposed to 0.2 ppm SO2 was compared 
with their respective unexposed plants, it was found to 
be reduced by 28.6%, 20.6%, 14.6% and 16.8%, 
respectively. 
Leaf chlorophyll and seed protein 
Chlorophyll a, chlorophyll b and total chlorophyll 
contents of leaves and protein content of seeds were 
reduced signicicantly at 0.2 ppm in most of the 
treatments. A significant increase in chlorophyll a, 
chlorophyll b and total chlorophyll contents of leaves 
occurred in nodulated, mycorrhizal and dual inoculated 
plants. Total seed protein was significantly greater in 
mycorrhizal and dual inoculated plants than uninoculated 
plants (Table 3). 
Dual inoculated plants when exposed to 0.2 ppm SO2 
showed significant reduction in chloropphyll a, 
chlorophyll b and total chlorophyll when compared to dual 
inoculated unexposed plants and dual inoculated plants 
exposed to 0.1 ppm SO2 • The values for chlorophyll a, 
chlorophyll b and total chlorophyll in uninoculated 
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Table 3. Effect of SO2 on leaf chlorophyll and total seed 
protein of mungbean plant 
Treatment 
SO2 (ppm) 
Chlorophyll (mg/g) Protein (%) 
0 0.1 0.2 
21.66 19.32 18.03 
22.17 21.70 20.75 
22.79 21.81 21.20 
24.83 23.15 23.31 
0 0 .1 0 .2 
a-•0. 615 0. 505 0. 484 
b-•0. 324 0. 313 0. 207 
T-•0. 979 0. 845 0. 615 
a-•0. 706 0. 685 0. 425 
b-•0. 473 0. 434 0. 354 
T-•1. 293 1. 303 1. 175 
a-•0. 676 0. 616 0. 612 
b-•0. 472 0. 401 0. 383 
T-•1. 264 1. 220 1. 083 
a-•0. 985 0. 913 0. 833 
b-•0. 788 0. 726 0. 524 



















a = Chlorophyll a, b = Chlorophyll b, T 





= Total chlorophyll, 
Each value is mean of six replicates. 
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plants exposed to 0.2 ppm SO2 was reduced by 41.8%, 60.4% 
and 56.8% respectively when compared with dual inoculated 
plants exposed to 0.2 ppm SO2. Seed protein content in 
uninoculated plants at 0.1 and 0.2 ppm showed significant 
reduction. The value obtained in uninoculated plants 
exposed to 0.2 ppm was significantly less than most of 
the treatments and was 22.6% less than in dual inoculated 
plants exposed to 0.2 ppm SO2 (Table 3). 
Root nodulation and nitrogen content 
SO2 adversely affected root nodulation and nitrogen 
content of the plants. Root nodules in dual inoculated 
plants were larger than mycorrhizal ones. Though increase 
in number of the nodules in dual inoculated plants was 
not significant, the nodule dry weight showed an increase 
when plants were inoculated with B. japonicum and the VAM 
fungus (Table 4). 
Significant increases in nitrogen content of shoot 
and root were observed in nodulated, mycorrhizal and dual 
inoculated plants. Shoot and root nitrogen content of 
uninoculated plants exposed to 0.2 ppm SO2 was minimum 
and significantly (P=0.05) less than most of the 
treatments. Nitrogen content of shoot and root in dual 
inoculated plants exposed to 0.2 ppm was 67.8% (for 
shoot) and 89.04% (for root) higher than uninoculated 
plant at the same concentration of SO2 (Table 4). 
Shoot nitrogen was reduced significantly in 
nodulated and dual inoculated plants but root nitrogen 
was less afffected. When uninocualted, nodulated, 
mycorrhizal and dual inoculated plants exposed to 0.2 ppm 
SO2 were compared to their respective ul^exposed plants, 
the percentage of reduction in nitrogen content of shoot 
was 34.5%, 33.4%, 23.0% and 22.3% and in root 63.0%, 
19.5%, 24.0% and 19.2%, respectively. The percentage 
reduction was, therefore, lower in inoculated plants 
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Table 4. Effect of SO, on number and dry weight of nodules and 
nitrogen content of mungbean plants 
SO2 (ppm) 
Treatment Nodule number/ Nitrogen (%) 
Nodule dry weight 
0 0.1 0.2 
Plant - - -
Plant + 4.50 4.33 
B. iaponicum 6.16 5.20 
Plant + - -
G. fascicu-
latum 
Plant + 3.5 2.66 




N.no. D.wt. S R 
Treatment 0.923 1.503 0.134 0.039 
SO, 1.025 1.688 0.152 0.033 
Interaction 1.450 2.387 0.281 0.066 
N.no. = Nodule number/plant, D.wt. = Dry weight, s = Shoot, 
R = Root 
Each value is mean of six replicates. 
0 0. 1 0.2 
S-0.986 0. 813 0.645 
R-0.192 0. 075 0.071 
S-1.625 1. 223 1. 082 
R-0.429 0. 402 0.345 
S-1.302 1. 105 1.002 
R-0.254 0. 215 0. 193 
S-2.584 2. 102 2.006 
R-0.802 0. 780 0.648 
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Table 5. Effect of SO, on % VAM colonization of roots, spore 
number and pnosphorus content of mungbean plants 
SO2 (ppm) 
Treatment % VAM colonization/ Phosphorus (%) 
spore no.(/lOO g soil) 
0 0.1 0.2 0 0.1 0. 2 






























































%Co. Sp. S R 
Treatment 3.332 7.792 0.114 0.004 
SO, 3.967 10.77 0.086 0.004 
Interaction 5.610 15.232 0.172 0.008 
%Co. = % colonization, Sp. = spore number, S = Shoot, R = Root 
Each value is mean of six replicates. 
PLATE I. GLOMUS FASCICULATUM IN THE ROOTS OF MUNGBEAN 
1. Arbuscules in the cortical cells 
2. Vesicles in the cortical cells 
3. Endophytic spores 
- ^ ^ 
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(Table 4). 
Root colonization, spore production and phosphorus 
content 
Root colonization, spore production and phosphorus 
content of mungbean plants were significantly greater in 
dual inoculated plants than mycorrhizal ones (inoculated 
singly with G^ fassiculatum (Plate 1:1-3). 
SO2 influenced root colonization by G. fasciculatum. 
its spore production and phosphorus content of mungbean 
plants. A significant reduction in percent VAM 
colonization of the roots occurred ,.at both the 
concentrations of SO2• Number of spores produced by G. 
f asc iculatum in plants exposed to 0.2 ppm SO2 was 
minimum and the value was significantly less than all the 
treatments (Table 5). 
Phosphorus content of root and shoot in uninoculated 
plants showed significant reductions at both the 
concentrations of SO2 but was less affected in the 
inoculated plants. Phosphorus content was also minimum 
in the uninoculated plants exposed to 0.2 ppm SO2, which 
was reduced by 60.5% in shoot and 70.2% in root as 
compared to dual inoculated plants exposed to 0.2 ppm 
SO2. 
Chick-pea (Cicer arietinum) 
Plant growth 
Plant growth of chick-pea was influenced by SO2. 
Plant growth parameters were also influenced by the root 
nodule bacterium and the VAM fungus both in exposed and 
unexposed plants. 
Shoot length of uninoculated plants was reduced 
significantly by SO2 at 0.2 ppm. Reductions observed in 
shoot and root lengths of uninoculated plants at 0.1 ppm 
were not significant. Length of the inoculated (single 
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and dual) plants was less affected by SO2 exposures. 
Minimum values for shoot and root lengths were obtained 
in uninoculated plants at 0.2 ppm SO2, which were 
significantly (P=0.05) less than most of the treatments 
(Table 6). 
Shoot and root lengths of chick-pea also responded 
favourably to B. iaponicum and G. fasciculatum (in single 
and dual inoculations). Significant increase in shoot and 
root lengths occurred in nodulated, mycorrhizal and dual 
inoculated plants. The increase was greatest in dual 
inoculated plants (Table 6). 
When the uninoculated plants of chick-pea were 
exposed to SO2, fresh weight of the plants showed 
significant reduction at 0.2 ppm. At 0.1 ppm, 
nonsignificant reduction occurred in all the treatments. 
Inoculated plants were less affected in comparison to 
uninoculated plants (Table 6). 
Fresh weights of shoot and root showed significant 
increase in all the plants inoculated with B. iaponicum. 
(22.2% for shoot, 31.5% for root) and G. fasciculatum 
(26.3% for shoot, 89.4% for root) and dual inoculated 
plants (46.8% for shoot, 190% for root). Uninoculated 
plants exposed to 0.2 ppm SO2 showed minimum value for 
fresh weights of shoot and root. This value was reduced 
by 46.9% for shoot and 63.8% for root in comparison to 
dual inoculated plants at 0.2 ppm SO2. Fresh weights of 
shoot in nodulated unexposed, nodulated exposed (0.1 
ppm), mycorrhizal unexposed and mycorrhizal exposed (0.1 
ppm) were not different statistically but among these 
root fresh weight of mycorrhizal plants was significantly 
higher than nodulated plants. Shoot fresh weights of 
uninoculated and unexposed plants were equal to those of 
nodulated plants exposed to 0.2 ppm SO2 (Table 6). 
SO2 exposures decreased the shoot dry weight at 0.1 
and 0.2 ppm in uninoculated, nodulated and mycorrhizal 
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Table 6. Effect of SOj on length, and fresh weight of chick-pea plants 
SO2 (ppm) 
Treatment Length (cm) Fresh weight (g) 
0 0. 1 0.2 0 0.1 0.2 
Plant S-24. 03 23. 63 21.83 S-7.05 6.25 5.33 
R-14. 00 13. 61 13.03 R-1.90 1.90 1.83 
Plant + S-26. 51 26. 30 25.49 S-8.62 8.38 7.08 
B. iaponicum R-14. 69 14. 29 13.50 R-2.50 2.20 2 . 03 
Plant + S-26. 83 26. 52 26.31 S-8.91 8.50 7.50 
G. fascicu- R-17. 3 16. 48 16.47 R-3.60 2.97 2.75 
latum 
Plant + S-30.60 30.50 29.88 S-10.35 10.34 10.05 
B. iaponicum R-18.35 18.60 18.50 R- 5.51 5.10 5.06 
+ G. fascicu-
1 a turn 
CD (P=0.05) 
S R S R 
Treatment 1.393 1.269 0.605 0.329 
s o , 0 . 8 8 6 0 . 8 6 1 0 .648 0 . 3 7 4 
Interaction 1 . 772 1 . 3 6 1 1 .219 0 . 6 9 3 
S = Shoot, R = Root 
Each value is mean of six replicates. 
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Table 7. Effect of SOj on dry weight and pod number of chick-pea plants 
SO2 (ppm) 
Treatment Dry Weight (g) Pod number/plant 
0 0.1 0.2 0 0.1 0.2 
Plant S-1.26 0.93 0.78 5.66 3.16 2.83 
R-0.60 0.50 0.46 
Plant + S-1.55 1.08 0.96 5.33 5.33 5.00 
B. iaponicum R-0.70 0.66 0.65 
Plant + S-1.86 1.36 1.35 6.33 5.50 5.16 
G. fascicu- R-0.74 0.72 0.66 
latum 
Plant + S-2.08 1.88 1.83 9.16 9.33 7.33 




S R P.no. 
Treatment 0.203 .051 0.950 
SO2 0.207 .051 1.116 
Interaction 0.394 .102 2.050 
S = Shoot, R = Root, P.no = Pod number 
Each value is mean of six replicates. 
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plants. Root dry weight was less affected by SO2 in these 
plants. No significant reduction occurred in root dry 
weight of nodulated and mycorrhizal plant at 0.1 and 0.2 
ppm. Dry weight of root in uninoculated plants was 
reduced significantly (P=0.05) at 0.2 ppm SOj• 
Reductions in shoot and root dry weights of dual 
inoculated plants were not significant at both the 
concentrations. Shoot and root dry weights were increased 
(P=0.05) in all single and dual inoculated plants. 
Increase was maximum (38.0% for shoot, 55.0% for root) in 
dual inoculated plants. Minimum values for shoot and root 
dry weights were obtained for uninoculated plants at 0.2 
ppm SO2 (Table 7). 
Yield 
Pod numbers showed a significant increase in 
inoculated plants of chick-pea. SO2 exposures reduced 
their number but this effect was less in inoculated 
plants (single or dual) than uninoculated plants. 
Reductions in pod numbers of dual inoculated, mycorrhizal 
and nodulated plants were 61.3%, 45.1% and 43.4% 
respectively less than uninoculated plants at 0.2 ppm SO2 
(Table 7). 
Leaf chlorophyll and seed protein 
All the plants exposed' to SO2 (0.2 ppm) showed 
significantly reduced chlorophyll a, chlorophyll b and 
total chlorophyll. Total seed protein content was also 
significantly reduced in uninoculated plants but was less 
affected in the inoculated plants. Leaf chlorophyll and 
seed protein showed a significant increase in the 
presence of B. iaponicum and G. fasciculatum singly or in 
combination. Significant increase in protein content was 
also observed in dual inoculated plants (Table 8). 
Chlorophyll a, chlorophyll b and total chlorophyll 
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Table 8. Effect of SOj on leaf chlorophyll and total seed protein 
of chick-pea plants 
SO2 (ppm) 
Treatment Chlorophyll (mg/g) Protein (%) 
0 0.1 0.2 0 0.1 0.2 
Plant a-0.502 0.452 0.371 27.31 23.66 23.13 
b-0.415 0.374 0.303 
T-0.925 0.831 0.681 
Plant + a-0.623 0.576 0.563 28.70 27.21 26.01 
B. iaponicum b-0.507 0.446 0.422 
T-1.208 1.025 0.993 
Plant + a-0.586 0.573 0.565 29.03 27.14 27.11 
G. fascicu- b-0.472 0.454 0.421 
latum T-1.128 1.028 0.995 
Plant + a-0.785 0.631 0.615 31.50 31.27 29.22 
B. iaponicum b-0.689 0.545 0.526 
+ S- fascicu- T-1.532 1.182 1.163 
latum 
CD (P=0.05) 
a b T Pro. 
Treatment 0.042 0.043 0.12 1.273 
SO2 0.038 0.038 0.12 1.305 
Interaction 0.077 0.075 0.23 2.481 
a = Chlorophyll a, b = Chlorophyll b, T = Total chlorophyll, 
Pro. = Protein. 
Each value is mean of six replicates. 
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Table 9. Effect of SO, on number and dry weight of nodules and 
nitrogen content of chick-pea plants 
SO2 (ppm) 
Treatment Nodule number/ Nitrogen (%) 
Nodule dry weight (mg) 
0 0.1 0.2 0 0.1 0.2 













































N.no. D.wt. S R 
Treatment 4.25 4.24 0.551 0.114 
SO, 5.38 7.55 0.282 0.070 
Interaction 7.61 10.68 0.763 0.255 
N.no. = Nodule number, D.vrt = Dry weight, S = Shoot, 
R = Root 
Each value is mean of six replicates. 
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were lowest in uninoculated plants at 0.2 ppm SO2. 
Reductions in chlorophyll a, chlorophyll b and total 
chlorophyll in uninoculated plants were 39.6%, 42.3% and 
41.4% higher respectively than dual inoculated plants 
exposed to 0.2 ppm SO2. The reduction in total seed 
protein was also less in inoculated plants. In 
uninoculated, nodulated, mycorrhizal and dual inoculated 
plants at 0.2 ppm SO2, the reduction was 15.3%, 9.3%, 
6.6% and 7.2% respectively in comparison to their 
respective unexposd treatments. Protein content of 
uninoculated plants at 0.2 ppm SO2 was significantly less 
than other treatments (Table 8). 
Root nodulation and nitrogen content 
Nodulation was inhibited by SO2 exposures in single 
(nodulated) and dual inoculated plants but the effect was 
less than dual inoculated plants. Dry weight of nodules 
in single inoculated plants was reduced significantly at 
0.1 and 0.2 ppm SO2 • The reduction was not significant 
in dual inoculated plants at both the concentrations. 
Dual inoculation with B. iaponicum and G. fasciculatum 
increased the nodulation. Number and dry weight of 
nodules were increased significantly in dual inoculated 
plants (Table 9). 
Nitrogen content of shoot and root was reduced 
(P=0.05) in uninoculated and single inoculated plants at 
0.1 and 0.2 ppm SO2. In dual inoculated plants, the 
reduction in nitrogen content was significant at 0.2 ppm 
SO2 only. Nitrogen content of shoot and root in 
uninoculated plants exposed to 0.2 ppm SO2 was minimum 
and significantly less than all the treatments. Root 
nitrogen in nodulated unexposed plants did not differ 
significantly from mycorrhizal unexposed plants (Table 
9) . 
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Table 10. Effect of SO, on %VAM colonization of rootgFf^spore 
number and phosphorus content of chick-pea plants 
SO2 (ppm) 
Treatment % VAM colonization/ Phosphorus % 
spore no.(/100 g soil) 
0 0.1 0.2 0 0.1 0.2 
Plant - _ _ S-0.189 0.183 0.126 R-0.031 0.02 5 0.021 
Plant + - _ _ S-0.195 0.192 0.184 
B. japonicum R-0.031 0.030 0.024 
Plant + 71.3 70.3 65.5 S-0.251 0.245 0.201 
G. fascicu- 210.0 202 175 R-0.046 0.040 0.039 
latum 
Plant + 79.5 79.3 71.6 S-0.401 0.393 0.391 
B. iaponicum 260 241 223 ' R-0.052 0.050 0.050 
+ G. fascicu-
1 a turn 
CD (P=0.05) 
% Co. Sp. S R 
Treatment 5.14 14.79 0.039 0. 006 
SO, 5.30 8.93 0.030 0. 003 
Interaction 7.50 12.64 0.060 0. 006 
% Co. = % colonization, Sp. = Spore number, S = Shoot, R - Root 
Each value is mean of six replicates. 
PLATE IIo GLOMUS FASCICULATUM IN THE ROOTS OF CHICK-PEA 
1. Arbuscules in the cortical cells 
2. Vesicles in the cortical cells 
3. Endophytic spores 
•J- J * ( > 
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Root colonization, spore production and phosphorus 
content 
Enhanced root colonization, spore production and 
phosphorus content of chick-pea plants were observed in 
dual inoculated plants (with j aponicum and G. 
fasciculatum) in comparison to mycorrhizal ones 
(inoculated singly) (Plate 11:1-3). 
When chick-pea paints were exposed to SOj, spore 
production by G. fasciculatum was reduced significantly 
both at 0.1 and 0.2 ppm SO2 in most of the treatments. 
Percent colonization of root was, however, less affected 
and was significant only in dual inoculated plants at 0.2 
ppm SO2. In the presence of B. iaponicum percent 
colonization of root and spore production by the VAM 
fungus were significantly increased (Table 10). 
Shoot and root phosphorus was adversely affected by 
SO2 exposures. Significant reduction was found at 0.2 
ppm in most of the treatments. Significant increase in 
shoot and root phosphorus was found in mycorrhizal and 
dual inoculated plants. Phosphorus content of shoot and 
root in dual inoculated plants (unexposed or exposed to 
0.1, 0.2 ppm SO2) were significantly higher than in 
uninoculated and single inoculated plants. Uninoculated 
plants at 0.2 ppm SO2 showed minimum values for shoot and 
root phosphorus which was reduced by 57.5% (shoot) and 
58.0% (root) in comparison to dual inoculated plants 
exposed to 0.2 ppm SO2 (Table 10). 
DISCUSSION 
Sulphur dioxide exposures suppressed plant growth 
and yield of mungbean and chick-pea, ^ iwwnber of -workefs 
haAte^xeported adverse effects of SO2 on growth and yield 
jo-f soybean (Sprugel et ^ 1980), Phaseolus sp. (Saxe, 
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1983) ; lentil and chick-pea (Singh, 1989), Medicago sp. 
(Murray and Wilson, 1991), cucumber (Pasha, 1991), and 
tomato (Khan and Khan, 1993). 
Decline in crop productivity usually results due to 
adverse effects of SO2 on physiology and biochemistry of 
plants (Carlson, 1983). Responses of both the legumes to 
SO2 in relation to plant growth and yield were more or 
less similar. Sulphur dioxide may have induced some 
physiological and/or biochemical disorders in mungbean 
and chick-pea, which led to retarded plant growth and 
inhibition in flowering and fruit-setting. Premature 
fall of flowers (Gupta and Ghouse, 1987) and restricted 
growth of pollen tubes and failure of fertilization 
(Linzon, 1978) induced by SO2 may also have contributed 
to the yield declines. 
Uninoculated, nodulated, mycorrhizal and dual 
inoculated plants showed marked difference in their 
growth and yield. Plant growth and yield of mungbean and 
chick-pea inoculated either with the root nodule 
bacterium or the VAM fungus or both, were much greater 
than uninoculated plants. Nitrogen fixation by root 
nodules formed by B^ iaponicum-^in mungb^^n, j^ and chick-pea 
plants r^ e-sulted' in—ttrelr improved growth and yield. 
Mycorrhizal fungi enhace uptake of phosphorus mainly by 
increasing the total surface area in contact with soil. 
The uptake of nutrients like Zn, Ca, Mg, S, Fe++ and 
other ions is also enhanced by VAM (Sanders ^ , 1977; 
Rhoads and Gerdemann, 1978; Cooper and Tinker, 1978). 
Improvements in growth and yield of mycorrhizal plants 
were apparently due to greater uptake of P and other 
nutrients. Growth and yield of mungbean and chick-pea 
were highest in the plants inoculated with the bacterium 
as well as the VAM fungus. Similar results on mungbean 
were obtained by Adholeya et (1988a, 1988b). 
The toxicity of SO2 in mungbean and chick-pea plants 
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inoculated with B^ japonicum and ^ fasciculatum either 
singly or in combination was comparatively less and the 
considered parameters of growth and yield, leaf 
chlorophyll, seed protein, nitrogen and phosphorus 
contents in shoot and root were greater than uninoculated 
plants exposed to SO2. The root symbionts apparently 
provided partial protection to the plants from SO2 
through better nutrient status of the host. 
Foliar chlorophylls of mungbean and chick-pea were 
reduced as a result of SO2 exposures. After diffusion 
through stomata SO2 is converted into sulphite ions which 
cause destruction or phaeophytinization of chlorophyll 
molecules (Rao and LeBlanc, 1966; Lauenroth and Dodd, 
1981). Metabolic processes and enzymatic activities of 
plants are reported to be influenced at higher 
concentrations of SO2 (Vashney and Garg, 1979; Pierre and 
Queiroz, 1982). Reduction in foliar chlorophylls may have 
contributed to reduced carbohydrate production through 
inhibition in net photosynthesis induced by SO2 (Khan and 
Khan, 1993). 
Seed protein in mungbean was more sensitive to SO2 
exposures than in chick-pea. Effect of SO2 on seed 
protein may be either direct through intereference of the 
air pollutant in the metabolic activities of plants 
related to protein synthesis and/or indirect because of 
poor plant growth (Craker, 1972; Khan and Malhotra, 
1983) . The effect may have also been caused through 
suppressed root nodulation. Reduction in protein 
contents of exposed plants inoculated with japonicum 
and/or ^ fasciculatum was relatively less when compared 
to exposed plants without any symbiont. 
Rhizobium nodulation, nitrogen fixation and/or 
leghaemoglobin content of leguminous plants are reduced 
by air pollutants (Blum and Tingey, 1977; Blum and Heck, 
1980). Root nodulation was found to be significantly 
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suppressed as a result of exposure to SO2 at 0.1 and 0.2 
ppm in lentil and chick-pea by Singh (1989). Tingey 
(1978) suggested that inhibition in translocation of 
carbohydrates to roots can cause a shortage of energy 
required by nitrogen fixing bacteria for nodulation. 
Reduction in phosphorus content may also be the cause of 
inhibition in root nodulation. P deficiency is the most 
important single limiting factor for N2-fixation and 
legume production (Franco, 1976). 
Nutritional relationship of VAM plants appeares to 
be generally similar to those of ectomycorrhizal plants 
with respect to relative levels of nutrition and 
colonization (Boerner, 1986; Douds and Chaney, 1986). 
Presently in mungbean plants root colonization and spore 
production by the VAM fungus was significantly reduced at 
both the concentrations in all the treatments. In chick-
pea, on the other hand, root colonization was adversely 
affected only in dual inoculated plants at 0.2 ppm SO2. 
Spore production was, however, reduced at both the 
concentrations. P content of the plants was also 
reduced. Mutualism is often adversely affected by 
atmospheric pollutants (Babich and Stotzky, 1974, 1978). 
Adverse effects of ozone, sulphur dioxide and acid 
precipitation have been recorded on red oak mycorrhizae 
(Reich ^ , 1985). It is, however, not clear whether 
the effects of air pollutants on mycorrhizae are direct 
or indirect through the stressed host plants. A 
significant relationship was found between decline in 
leaf area of pollution damaged Picea abies and reduction 
in mycorrhizal roots (Meyer ^ , 1988). A number of 
researchers have reported that mycorrhizae partially 
eliminate negative effects of air pollutants on shoot and 
root growth of host (Carney ^ , 1978; Garrett ^ al., 
1982). ^ fasciculatum also responded similarly and 
provided a partial protection to mungbean and chick-pea 
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from SO2. 
The improved nutrition of the mycorrliizal, nodulated 
and dual inoculated plants can significantly enhance 
photosynthesis. The presence of mycorrhizae and nodules 
on the roots promoted the shoot and root growth which 
minimized the adverse effect of the pollutant on plant 
growth and yield. Thus root nodule bacterium, B. 
iaponicum and VAM fungus, G^ fasciculatum improved the 
nutrient status of host plants and minimized the adverse 
effects of SO2 on them. On the other hand, SOj 
suppressed nodulation and colonization by the VAM fungus 
which checked the benefits of plants derived from the 
root symbionts. SO2, therefore, caused adverse effects on 
the plants directly as well as indirectly, through 
suppressive effect on the root symbionts. 
SUMMARY 
Impacts of sulphur dioxide (0.1 and 0.2 ppm) on 
mungbean and chick-pea were studied in artificial 
treatment conditions. Both the crops were affected 
adversely by the SO2 concentrations used. SO2 reduced 
growth (length, fresh and dry weights),, yield, leaf 
pigment (chlorophyll a, b, and total chlorophyll), seed 
protein and nitrogen and phosphorus content of the 
plants, root nodulation by B^ i aponicum, and root 
colonization by VAM fungus fasciculatum and its spore 
production. 
Nodulated (inoculated with ^ iaponicum), 
mycorrhizal (inoculated with G^ fasciculatum) and dual 
inoculated (inoculated with both the symbionts) plants of 
mungbean and chick-pea showed enhanced growth, yield, 
seed protein, nitrogen and phosphorus. The reductions 
caused by SO2 were lower in the inoculated plants as 
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compared to uninoculated-exposed ones. 
Responses of both the legumes to SO2 in relation to 
plant growth, yield and spore production by the VAM 
fungus were more or less similar. But they considerably-
differred for seed protein, root nodulation, % root 
colonization, nitrogen and phosphorus content. 
Significant reduction in chlorophyll content was recorded 
at 0.2 ppm SOj. Seed protein of mungbean was reduced 
significantly at 0.2 ppm in most of the treatments 
whereas for chick-pea it was significant only in 
uninoculated plants. Significant increase in dry weight 
of nodules (mungbean) and number and dry weight of 
nodules (chick-pea were observed when plants were 
inoculated with B^ i aponicum and G.^. f asciculatum 
together. Dry weight of nodules was significantly reduced 
at both levels of SO2 in most of the treatments. Impact 
of SO2 on shoot and root nitrogen content was different 
in uninoculated, nodulated, mycorrhizal and dual inocu-
lated plants of mungbean and chick-pea. In uninoculated 
mungbean, shoot and root nitrogen contents were 
significantly reduced at 0.2 ppm SO2, whereas in chick-
pea shoot nitrogen was reduced significantly at 0.1 and 
0.2 ppm and root nitrogen only at 0.2 ppm 502- In 
nodulated mungbean plants significant reduction was 
recorded in shoot nitrogen at 0.1 and 0.2 ppm and in root 
nitrogen at 0.2 ppm. In chick-pea, shoot and root 
nitrogen was reduced significantly at both the 
concentrations of SO2. In mycorrhizal and dual inoculated 
plants of mungbean shoot nitrogen was reduced 
significantly at 0.1 and 0.2 ppm SOj but reduction in 
root was not significant. In mycorrhizal plants of chick-
pea, shoot and root nitrogen was significantly reduced at 
both the concentrations but in dual inoculated plants, 
reduction in shoot nitrogen was significant at 0.2 ppm 
and in root at 0.1 and 0.2 ppm. Root colonization by the 
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VAM fungus in dual inoculated plants of mungbean and 
chick-pea was significantly greater than mycorrhizal 
plants single inoculated . In dual inoculated plants of 
chick-pea, the colonization significantly declined at 0.2 
ppm SO2, v?hile in mungbean the effect was not 
significant. Spore production was inhibited significantly 
at 0.1 and 0.2 ppm on both the crops. Decrease in 
phosphorus content of uninoculated plants was significant 
at 0.1 and 0.2 ppm for mungbean and at 0.2 ppm for chick-
pea. Phosphorus in inoculated plants was less affected 
by SO2 in both the crops. Over all, adverse effects of JVI . t', ('• '-•'J ' () • 
SO2 were jnxnijavHnr—on inoculated mungbean and chick-pea 
plants c^ fflpa4:::ed--tTr-crrrl:nociilaired plant®-. 
SECTION III 
EFFECT OF OZONE ON PLANT GROWTH AND YIELD OF MUNGBEAN AND 
CHICK-PEA AND ON THEIR ROOT NODULATION BY ROOT NODULE 
BACTERIUM AND ROOT COLONIZATION BY VAM FUNGUS 
O^ is a plant pathogenic component of photochemical 
oxidant air pollution. Adverse effects of ozone on the 
growth, biomass and productivity of several crops have 
been shown in both ambient as well as in glasshouse 
conditions (Heck ^ , 1986; Heagle, 1989). Root 
nodulation is also reported to be adversely affected by 
O3 (Tingey, 1978; Singh, 1989). A few reports of adverse 
impact of O3 on VAM fungi are also available (McCool ^ 
al., 1979; Feicht, 1981). 
This study was undertaken to determine the 
performance of mungbean and chick-pea in relation to 
growth and yield under O3 pollution stress. Impact of O3 
on root nodulation by root nodule bacterium 
Bradyrhizobium japonicum and root colonization and spore 
production by VAM fungus Glomus fasciculatum were also 
determined. Chlorophyll content of leaves protein content 
of seeds and nitrogen and phosphorus contents of the 
plants were also determined. 
MATERIALS AND METHODS 
Generation of O3 
The experiment was conducted under artificial 
treatment conditions. Ozone was generated through 
ionization of oxygen by ultraviolet radiation from a UV 
bulb in an apparatus called ozoniser (Standard 
Appliances, Varanasi, India). The plants were treated in 
dynamic exposure chambers. The details of exposure 
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chamber are given in the section II. The tube of ozone 
generator was connected to the exposure chamber. Desired 
• concentration (0.1 and 0.2 ppm) were obtained by varying 
the voltage of blower of the chamber. 
Treatments 
The experiment on mungbean and chick-pea were 
conducted separately. The following treatments were used 
in the experiment for each crop. 
Unexposed set 
Ptaiii 
Plant + Bradvrhizobium iaponicum 
Plant + Glomus fasciculatum 
Plant + Bl^  iaponicum + fasciculatum 
Exposed sets 
Plant +0.1 ppm O3 
Plant + B^ iaponicum + 0.1 ppm O3 
Plant + ^ fasciculatum + 0.1 ppm O3 
Plant + B^ iaponicum + fasciculatum + 0.1 ppm O3 
Plant + 0.2 ppm O3 
Plant + EL^  iaponicum + 0.2 ppm O3 
Plant + fasciculatum + 0.2 ppm O3 
Plant + ^ iaponicum + ^ fasciculatum + 0.2 ppm O3 
Plant + ^ iaponicum + ^ fasciculatum + 0.2 ppm O3 
Each treatment was replicated six times. 
Plant culture and exposure 
Surface sterilized seeds (6 seeds/pot) of mungbean 
and chick-pea were sown in clay pots of 15 cm diam 
containing steam sterilized field soil (66% sand, 24% 
silt, 8% clay, pH 7.5). After emergence seedlings were 
thinned to one/pot. Inoculation of the seeds with B. 
i aponicum was d ^ e as seed dressing at the time of 
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sowing. Inoculation with f asciculatum was done by 
using 1000 spores/pot in the similar manner as described 
pot ^  ' 
in the section II. There were six jreplicates of each 
treatment. The pots were marked according to the 
treatments and placed on glasshouse benches in complete 
randomised block design. 
Twenty three day old plants of mungbean and 32-day 
old plants of chick-pea were exposed to 0.1 or 0.2 ppm of 
O3 according to the treatments for three hours on 
alternate days in the exposure chamber (described 
earlier). When the exposure period was over, the pots 
were again transferred to glasshouse benches. 
At the termination of experiment after 90 days 
(mungbean) and 100 days (chick-pea) the following 
parameters were determined using the same methodology as 
given in section II. 
Length (shoot, root) Fresh weight (shoot, root) 
Dry weight (shoot, root) 
Number of pods/plant 
Leaf chlorophyll (a, b, total) 
Seed protein (Total) 
Number of nodules 
Dry weight of nodules 
% VAM colonization 
Spore number/100 g soil 
Nitrogen content (shoot, root) 
Phosphorus content (shoot, root) 
The data were subjected to analysis of variance 
(ANOVA) and CD at P=0.05 was calculated. ANOVA tables are 
given in appendix. 
RESULTS 
Mungbean (Viqna radiata) 
Plant growth 
Growth of mungbean plants were influenced by O3 
exposures. Presence or absence of ^ iaponicum or Gj^  
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fasciculatum or both also affected the growth of the 
plants both in exposed and unexposed plants. 
Shoot and root lengths were suppressed in most of 
the treatments by O3 exposures. Significant (P=0.05) 
reduction occurred in uninoculated, nodulated and 
mycorrhizal plants at both the concentrations (0.1 and 
0.2 ppm O3) . In dual inoculated plants, shoot and root 
lengths were, however, reduced (P=0.05) only at 0.2 ppm 
O3 (Table 1). 
Inoculation of iaponicum and fasciculatum 
(single and dual) improved the shoot and root lengths. 
Shoot and root length of mycorrhizal and dual inoculated 
plants was significantly (P=0.05) greater than 
uninoculated plants. Maximum lengths of shoot and root 
were obtained in dual inoculated unexposed plants and 
minimum in uninoculated plants exposed to 0.2 ppm O3. 
Root length was more affected than shoot length by O3 
exposures (Table 1) . 
Significant reduction also occurred in fresh weights 
of shoot and root of mungbean in all the treatments at 
both the concentrations (0.1 and 0.2 ppm) of O3. When 
plants were inoculated with B^ 1 aponicum and G. 
fasciculatum singly or in combination, fresh weights of 
shoot and root showed an increase. In dual inoculated 
plants, an increase of 35.7% in shoot and 55.4% in root 
occurred in comparison to uninoculated plants. 
Uninoculated plants at 0.2 ppm O3 showed minimum fresh 
weights of shoot and root which were significantly less 
than most of the treatments. Reduction in shoot and root 
weights were 65.4% and 73.4% respectively in comparison 
to dual inoculated unexposed plants (Table 1). 
Dry weights of shoot and root were also considerably 
reduced in all the treatments by O3, maximum being at 0.2 
ppm. Dry weights of shoot and root of unexposed plants 
showed an increase when inoculated with either of the 
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symbionts or both. The increase in dry weight of shoot 
was 11.2%, 44.1% and 128.4% and of root 33.4%, 52.9% and 
372.2% in nodulated, mycorrhizal and dual inoculated 
plants respectively when compared with uninoculated 
planto (TablQ 2). 
Shoot and root dry weights were lowest in 
uninoculated plants exposed to 0.2 ppm O3. This 
reduction was 67.7% for shoot and 77.9% for root in 
comparison to dual inoculated plants at 0.2 ppm O3 (Table 
2). 
Yield 
Yield (number of pods/plant) of mungbean was 
adversely affected by O3. The reduction was not 
significant (P=0.05) at 0.1 ppm O3. But at 0.2 ppm 
significant reduction occurred in most of the treatments. 
Inoculation of B^ japonicum with G. fascicu]atum in 
single and in dual inoculations increnr.ort the number of 
pods/plant. In dual inoculated unexposed plants the 
increase was 65.6% in comparison to uninoculated plants. 
Exposure of the plants to O3 caused a decrease in 
the yield. In uninoculatGd, nodulated, mycorrhi/.al and 
dual inoculated plants at 0.2 ppm, the reduction was 
34.3%, 25.9%, 21.9% and 20.7% respectively in comparison 
to their respective unexposed plants. The yield in 
uninoculated plants exposed to 0.2 ppm O3 was minimum and 
50% lower than dual inoculated plants exposed to 0.2 ppm 
O3 (Table 2). 
Leaf chlorophyll and seed protein 
Under O3 exposures significant (P=0.05) reductions 
in chlorophyll a, chlorophyll b and total chlorophyll 
were found at 0.1 and 0.2 ppm in most of the treatments. 
Chlorophyll content of the leaves, however responded 
favourably to j apon icum and f asc i culatum 
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Dry weight (g) Pod number/plant 
0 0.1 0.2 0 0.1 0.2 
Plant S-1. 755 1. 095 1. 005 
R-0. 421 0. 374 0. 344 
Plant + S-l. 952 1. 502 1. 322 
B. iaponicum R-0. 562 0. 409 0. 365 
Plant + S-2. 530 1. 862 1. 805 
G. fascicu- R-0. 644 0. 569 0. 440 
latum 
Plant + S-4. 009 3. 584 3. 114 
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inoculation. Chlorophyll a, chlorophyll b and total 
chlorophyll showed an increase of 14.7%, 45.9% and 32.1% 
respectively in nodulated plants; 9.9%, 45.6% and 29.1% 
respectively in mycorrhizal plants; and 60.1%, 14 3.2% and 
166.6% respectively in dual inoculated plants. Minimum 
values for chlorophyll a, chlorophyll b and total 
chlorophyll were found in uninoculated plants exposed to 
0.2 ppm O3 (Table 3). 
Seed protein content was also reduced (P=0.05) at 
both the concentrations in all the treatments. The 
percentage of reduction was lower in inoculated plants. 
The protein content was reduced by 21.1%, 15.8%, 15.5% 
and 11.2% in uninoculated, nodulated, mycorrhizal and 
dual inoculated plants respectively at 0.2 ppm O3, when 
compared to their respective unexposed plants. Seed 
protein content was found to be increased in plants 
inoculated with the symbionts. Significant (P=0.05) 
increase was observed in mycorrhizal and dual inoculated 
plants. Dual inoculated unexposed plants showed highest 
protein content (Table 3) . 
The seed protein of dual inoculated plants exposed 
to 0.2 ppm O3 was at par with nodulated and unexposed 
plants; mycorrhizal and unexposed plants; and dual 
inoculated plants exposed to 0.1 ppm O3 (Table 3). 
Root nodulation and nitrogen content 
Root nodulation was suppressed by O3 at both the 
concentrations. The decrease in the number of root 
nodules was significant at 0.2 ppm O3 in plants 
inoculated with ^ iaponicum and G^ fasciculatum singly 
and in combination. The dry weight of root nodules also 
showed significant (P=0.05) reduction at both the 
concentrations (Table 4). 
When the plants were inoculated with B^ i aponicum 
and fasciculatum both, the dry weight of nodules was 
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Table 3. Effect of O^ on leaf chlorophyll and total seed protein 







0 1 0 .1 0 .2 
a-0. 615 0. 495 0. 403 
b-0. 324 0. 286 0. 223 
T-0. 979 0. 896 0. 614 
a-0. 706 0. 645 0. 608 
b-0. 473 0. 308 0. 385 
T-1. 293 1. 283 1. 202 
a-•0. 676 0. 612 0. 609 
b-0. 472 0. 385 0. 367 
T-•1. 264 1. 201 1. 006 
a-•0. 985 0. 802 0. 724 
b-•0. 788 0. 613 0. 724 










































a = Chlorophyll a, b = Chlorophyll b, T = Total chlorophyll, 
Pro. = Protein. 
Each value is mean of six replicates. 
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significantly greater than the plants inoculated with B. 
iaponicum alone (Table 4) . 
Nitrogen content in shoot and root declined 
significantly (P=0.05) both at 0.1 and 0.2 ppm O3 in most 
of the treatment. The reduction in nitrogen content of 
shoot of plants exposed to 0.2 ppm O3 was less in 
inoculated plants than uninoculated plants. Nitrogen 
content of shoots in plants exposed to 0.2 ppm O3 was 
reduced by 47.9% in uninoculated plants, 37.6% in 
nodulated plants, 22,9% in mycorrhizal plants and 18,2% 
in dual inoculated plants, compared with their respective 
unexposed plants. The reduction was, therefore, less in 
dual inoculated plants (Table 4). 
Nitrogen content was lowest in uninoculated plants 
exposed to 0.2 ppm O3. Nitrogen content of shoot and 
root of nodulated plants exposed either to 0.1 ppm or 0.2 
ppm were at par with mycorrhizal plants exposed to 0.2 
ppm O3. Nitrogen content in dual inoculated plants 
exposed to 0.2 ppm O3 was higher (P=0.05) than all the 
uninoculated and single inoculated plants. It was 75.7% 
greater for shoot and 88.1% for root, than uninoculated 
XO.2 ppm O3 (Table 4). 
Root colonization, spore production and phosphorus 
content 
O3 suppressed root colonization by fasciculatum. 
When mungbean plants were exposed to O3, the % 
colonization of root by the VAM fungus was suppressed. 
The reduction was however, significant (P=0.05) at 0.2 
ppm. But the spore production of the fungus was reduced 
significantly at both the concentrations. In the presence 
of B^ iaponicum, root colonization and spore production 
by G^ fasciculatum. showed an increase (P=0.05) (Table 
5) . 
Phosphorus content of shoot was significantly 
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Table 4. Effect, of O^ on nodule number and nodule dry weight, of 
nodules ana nitrogen content in mungbean plants 
>3 (PPm) 
Treatment Nodule Number/Dry weight (mg) 






4.50 3.66 3.15 






































N, no. D. ,wt. S R 
Treatment 1. ,64 1. ,48 0. , 122 0. 025 
O3 Interaction 
0. ,91 1. ,40 0. ,169 0. 035 
1. ,30 1. ,98 0. ,282 0. 059 
N.no. = Nodule number, = Dry weight, S = Shoot, R = Root 
Each value is mean of six replicates. 
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Table 5. Effect of O3 on % VAM colonization, spore number and 
phosphorus content in mungbean plants 
O3 (ppm) 
Treatment %VAM colonization/ Phosphorus (%) 
spore no.(/lOO g soil) 
0 0.1 0.2 0 0.1 0.2 
Plant - - - S-0.530 0.457 0.313 R-0.052 0.033 0.031 
Plant + _ _ _ S-0.570 0.525 0.503 
B. iaponicum R-0.055 0.041 0.037 
Plant + 62.16 58.83 53.50 S-0.880 0.840 0.810 
G. fascicu- 180.66 151.83 140.66 R-0.074 0.041 0.063 
latum 
Plant + 76.83 72.16 68.66 S-1.150 1.110 1.080 




%Co. Sp. S R 
Treatment 1.951 08.734 0.131 0.013 
O3 4.612 11.034 0.074 0.010 
Interaction 5.661 15.604 0.148 0.020 
%Co. = % colonization, Sp. = Spore number, S = Shoot, R = Root 
Each value is mean of six replicates. 
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reduced at 0.2 ppm O3 in uninoculated plants. In root, 
however, it was reduced (P=0.05) at both the 
concentrations. Phosphorus content of the shoot in all 
the inoculated plants was, therefore, less affected by O3 
than in root. Phosphorus in shoot and root was also 
enhanced in inoculated plants. Increase was more 
pronounced in mycorrhizal and dual inoculated plants. In 
comparison to uninoculated plants, the increase was 7.5% 
in shoot and 3% in root of nodulated plants; 66.0% in 
shoot and 29.7% in root of mycorrhizal plants; 116.9% in 
shoot and 96.1% in root of dual inoculated plants 
(maximum value) (Table 5). 
Shoot and root phosphorus in dual inoculated plants 
exposed to either concentrations of O3 (0.1 and 0.2 ppm) 
was greater (P=0.05) than in nodulated and mycorrhizal 
plants at respective concentrations. Phosphorus content 
in shoot and root was lowest in uninoculated plants 
exposed to 0.2 ppm O3. The reduction at 0.2 ppm in 
uninoculated nodulated, mycorrhizal and dual inoculated 
plants, in comparison with their respective unexposed 
plants, was 40.9% (shoot) and 40.3% (root); 11.7% (shoot) 
and 32.7% (root) and 7.9% (shoot) and 14.8% (root); and 
6.1% (shoot) and 13.7% (root) respectively (Table 5). 
Chick-pea (Cicer arietinum) 
Plant growth 
All the growth parameters i.e. length, fresh, dry 
weight were adversely affected by O3 exposures. The root 
symbionts, B^ iaponicum and G^ fasciculatum singly or in 
combination improved the considered growth characters of 
chick-pea. 
Shoot length of chick-pea plants was less affected 
than root length by O3 exposures. Significant reduction 
in shoot length waa observed at 0.2 ppm O3 in all the 
treatments but root length showed a decrease (P=0.05) in 
all the treatments at both the concentrations (Table 6). 
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In unexposed plants, the length (shoot and root) 
responded positively to both the symbionts and 
significant increase in length of the inoculated plants 
occurred. The lengths of shoot and root were highest in 
dual inoculated unexposed plants. Shoot length increased 
by 26.2% and root length by 31.0% in dual inoculated 
plants in comparison to uninoculated plants (Table 6). 
Shoot and root lengths were lowest in uninoculated 
plants exposed to 0.2 ppin O3. This reduction was 28.1% 
for shoot and 52.9% for root in comparison to dual 
inoculated plants exposed to 0.2 ppm O-^ . Fresh weight of 
the shoot declined due to O3 exposures. Maximum and 
significant (P=0.05) reduction occurred at 0.2 ppm O3 in 
all the treatments. Fresh weight of the root showed a 
significant decrease at both the concentrations (Table 
6) . 
In unexposed plants inoculated with ^ japonicum or 
G. fasciculatum singly or in combination showed an 
increase in their fresh weight of shoot and root. The 
increases in shoot and root were 21.9% and 31.5% 
respectively for nodulated plants; 26.3% and 88.9% for 
mycorrhizal plants; 46.1% and 189.4% for dual inoculated 
plants when compared with uninoculated plants (Table 6). 
Fresh weight of shoot and root of uninoculated 
plants exposed to 0.2 ppm O3 was significantly less than 
most of the treatments and the reduction was 46.2% for 
shoot and 77.8% for root in comparison to dual inoculated 
unexposed plants (Table 6). 
Impact of O3 exposures on dry weight of the plants 
in all the treatments was suppressive. Shoot and root 
dry weights in uninoculated, nodulated and mycorrhizal 
plants were significantly reduced (P=0.05%) at both the 
concentrations. Significant reduction was not found in 
shoot dry weight of dual inoculated plants but root dry 
weight was reduced (P=0.05) at both the concentrations 
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Table 6. Effect of O3 on length and fresh weight of cliick-pea 
plants 
O3 (ppm) 
Treatment Length (cm) 
0.1 0.2 
Fresh weight (g) 
0 0.1 0.2 
Plant S-24.25 23 .50 20. 70 S-7.05 6. 31 5. 54 
R-14.16 9 .33 8. 66 R-1.90 1. 50 1. 22 
Plant + S-26.50 24 .75 24. 33 S-8.60 7. 86 7. 17 
B. iaponicum R-14.70 12 .29 12. 09 R-2.50 2. 11 1. 54 
Plant + S-26.83 25 .26 24. 66 S-8.91 8. 03 7. 39 
G. fascicu- R-17.33 13 .76 13. 32 R-3.59 2. 35 1. 87 
1 a turn 
Plant + S-30.60 23 .03 28. 83 3-10.30 10. 23 9. 20 
B. iaponicum R-18.55 16 .50 14. 16 R- 5.50 4. 68 4. 06 
+ G. fascicu-
latum 
CD (P=0. 05) 
S R S R 
Treatment 2.33 1. 22 0 .61 0. 34 
O3 0.62 0. 75 0 .55 0. 30 Interaction 2.12 1. 51 1 .09 0. 60 
S = Shoot, R = Root 
Each value is mean of six replicates. 
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(Table 7). 
In unexposed plants, dry weight of shoot and root 
showed an increase as a result of inoculation with both 
the symbionts. Increase in the dry weight of the shoot 
was significant (P=0.05) only in mycorrhizal and dual 
inoculated plants, but increase in root dry weight was 
significant in nodulated, mycorrhizal and dual inoculated 
plants. The maximum values for shoot, root dry weights 
were obtained by dual inoculated unexposed plants. Dry 
weights of shoot and root were lowest in uninoculated 
plants exposed to 0.2 ppm O3, which was 70.7% (shoot) and 
88.5% (root) less than the dual inoculated plants at 0.2 
ppm O3. The shoot and root dry weights of uninoculated, 
nodulated and mycorrhizal plants at 0.1 and 0.2 ppm were 
significantly less than the dual inoculated plants at 0.1 
and 0.2 ppm O3 (Table 7). 
Yield 
Number of pods/plant was significantly reduced at 
both the concentrations of O3. Inoculation with the 
symbionts increased the pod numbers in plants. The 
increase was, however, significant in mycorrhizal and 
dual inoculated plants only. In uninoculated, nodulated, 
mycorrhizal and dual inoculated plants the reduction in 
pod number at 0.2 ppm O3 was 51.5%, 32.1%, 50.00 and 
27.2% respectively, compared to their respective 
unexposed plants (Table 7). 
Leaf chlorophyll and seed protein 
Chlorophyll a, chlorophyll b and total chlorophyll 
were reduced by O3 in all the treatments, being greater 
at 0.2 ppm. Chlorophyll a, chlorophyll b and total 
chlorophyll were lowest in uninoculated plants exposed to 
0.2 ppm O3. This reduction was 43.3% for chlorophyll a, 
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Table 7. Effect of O3 on dry weight and pod number in chick-pea 
plants 
O3 (ppm) 
Treatment Dry weight (g) Pod number/plant 





































9.16 6.66 6.66 
CD (P=0.05) 
S R P.no. 
Treatment 0.17 0.035 1.110 
O3 0.19 0.028 0.853 
Interaction 0.34 0.057 1.407 
S = Shoot, R = Root, P.no. = Pod number 
Each value is mean of six replicates. 
102 
Table 8. Effect of O3 on leaf chlorophyll and total seed protein 
content of i^ick-pea plants 
O3 (ppm) 
Treatment Chlorophyll (mg/g) Protein (%) 
0 0 . 1 0.2 0 0 . 1 0.2 
Plant a-0. 502 
b-0. 415 
T-0. 925 
Plant + a-0. 623 
B. iaponicum b-0. 507 
T-1. 208 
Plant + a-0. 586 
G. fascicu- b-0. 472 
latum T-1. 128 
Plant + a-0. 785 
B. iaponicum b-0. 689 
+ G. fascicu- T-1. 532 
latum 
0.433 0.408 27.30 25.42 23.12 
0.315 0.311 
0.762 0.722 
0.572 0.541 28.69 28.03 26.54 
0.452 0.446 
1.031 0.991 
0.532 0.524 29.31 28.82 26.83 
0.415 0.411 
0.960 0.937 




a b T Pro. 
0.045 0.037 0.167 1.50 
0.041 0.036 0.122 1.06 




a = Chlorophyll a, b = Chlorophyll b, T = Total chlorophyll, 
Pro. = Protein 
Each value is mean of six replicates. 
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48.2% for chlorophyll b and 45.7% for total chlorophyll 
in comparison to dual inoculated plants exposed to 0.2 
ppm O3 (Table 8). 
Seed protein was also significantly reduced by O3 in 
uninoculated plants at 0.2 ppm but in the inoculated 
plants seed protein was less affected. An increase in 
seed protein was also observed in plants inoculated with 
the symbionts either singly or in combination. Seed 
protein content was lowest in uninoculated plants exposed 
to 0.2 ppm O3. A reduction of 20.5% occurred in this 
treatment in comparison to dual inoculated plants exposed 
to 0.2 ppm (Table 8). 
Rood nodulation and nitrogen content 
O3 suppressed root nodulation of chick-pea. The 
nodule number and nodule dry weight/root system were 
highly suppressed in nodulated (single inoculated) plants 
at both the concentrations of O3. In dual inoculated 
plants, nodule number also showed a signifncant decline 
at both the concentrations but significant decrease in 
dry weight of the nodules occurred only at 0.2 ppm. The 
nodule number and nodule dry weight were highest in dual 
inoculated unexposed plants and lowest in uninoculated 
plants exposed to 0.2 ppm O3 (Table 9). 
Nitrogen contents of shoot and root were reduced 
(P=0.05) at both the concentrations in most of the 
treatments. At 0.2 ppm, the reduction was 57.7% and 
90.9% in uninoculated plants; 44.8% and 65.3% in 
nodulated plants; 48.5% and 69.7% for mycorrhizal plants; 
and 27.3% and 51.3% in dual inoculated plants for shoot 
and root, respectively when compared with their 
respective unexposed plants. Shoot and root nitrogen was 
lowest in uninoculated plants exposed to 0.2 ppm O3 
(Table 9). 
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Table 9. Effect of Oj on number and dry weight of nodules and 




Dry weight (mg) 
Nitrogen (%) 
0 0.1 0.2 0 0.1 0.2 
Plant — — — S-2 .35 1.06 1.04 
R-0 .33 0.03 0.03 
Plant + 15.0 9.00 7.0 S-3 .72 2.61 2.05 
B. japonicum 48.0 32.00 19.0 R-0 .52 0.26 0.18 
Plant + — _ — S-3 .03 2.12 1.56 
G. fascicu- R-0 .43 0.16 0. 13 
latum 
Plant + 43.0 33.0 35.0 S-5 .66 4.35 4.11 
B. iaponicum 72.0 65.0 61.0 R-0 .72 0. 34 0.35 
+ G. fascicu-
1 a turn 
CD (P=0.05) 
N .no. D.wt. S R 
Treatment 6 .15 5.35 0.52 0.22 
O3 3 .60 7.07 0. 53 0. 15 Interaction 5 .09 9.72 1.02 0.27 
N.no. = Nodule number, D.wt. = Dry Weight, S = Shoot, R ^  = Root 
Each value is mean of six replicates. 
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Root colonization, spore production and phosphorus 
content 
Root colonization by tlie VAM fungus in chick-pea 
plants was not significantly affected by O3 exposures. 
The reduction in colonization of root was not significant 
(P=0.05) but the number of spores was significantly 
reduced at 0.2 ppm O3 in mycorrhizal and dual inoculated 
plants. In unexposed plants, root colonization by the 
VAM fungus and its spore number were significantly 
greater in dual inoculated plants than plants inoculated 
with the VAM fungus alone (Table 10). 
Phosphorus content of the plants was influenced by 
O3. The effect was greater on phosphorus content of root 
than shoot. Phosphorus content of shoot of uninoculated 
plants decreased significantly at 0.2 ppm. Root 
phosphorus was reduced (P=0.05) in all the treatments at 
both the concentrations, phosphorus contents of shoot 
and root were significantly higher in mycorrhizal than 
nodulated plants. In dual inoculated plant it was 
maximum and significantly higher than uninoculated, 
nodulated and mycorrhizal plants (Table 10). 
Shoot and root phosphorus was lowest in uninoculated 
plants exposed to 0.2 ppm O3. This was at par with 
uninoculated plants exposed to 0.1 ppm O3 and nodulated 
plants exposed to 0.2 ppm O3 for shoot phosphorus. When 
uninoculated, nodulated mycorrhizal and dual inoculated 
plants at 0.2 ppm O3 were compared with their respective 
unexposed plants, the reduction in phosphorus content was 
24.3% for shoot and 48.3% for root, 22.5% for shoot and 
32.2% for root, 17.5% for shoot and 21.7% for root and 
6.4% for shoot and 21.1% for root, respectively (Table 
10) . 
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Table 10. Effect of O3 on % VAM colonization, spore number and 
phosphorus content in chick-pea plants 
O3 (pprn) 
Treatment % colonization/ Phosphorus (%) 
Spore no.(/lOO g soil) 
0 0.1 0.2 0 0.1 0.2 





















































CD (P= =0.05) 
% CO. Sp. S R 
Treatment 4.027 19.09 0.041 0.004 
O3 6.014 14.79 0.021 0.002 
Interaction 7.990 25.47 0.045 0.005 
%Co. = % colonization, Sp. = Spore number, S = Shoot, R = Root 
Each value is mean of six replicates. 
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DISCUSSION 
In artificial exposures O3 at both the 
concentrations like SO2, suppressed plant growth and 
yield of mungbean and chick-pea. These effects were 
related to the concentration. Higher concentration of 
O3. (0.2 ppm) was more suppressive than its lower 
concentration (0.1 ppm). Significant reductions were 
found in shoot length, fresh weight and dry weight at 0.2 
ppm in all the treatments, but the root growth was 
reduced at both the concentrations. Significant decline 
in yield of mungbean was recorded at 0.2 ppm, and of 
chick-pea at both the concentrations. Adverse effects of 
O3 on plant growth or yield have been reported by a 
number of workers. Reduction in growth rate and pod 
production of snapbean (Blum and Heck, 1980), reduction 
in shoot and root growth of clover cv Ladino (Letchworth 
and Blum, 1977), clover regrowth and root, shoot 
reduction (Blum ^ al. , 1983 a and 1983b) and chick-pea 
and lentil plant at 0.1 and 0.2 ppm (Singh, 1989) have 
been demonstrated. Several researchers have demonstrated 
that root growth is more affected more than the shoot 
growth by O3 exposures (Blum and Tingey, 1977; Reinert 
and Weber, 1980; Shimizu et al. , 1981). Kasana (1991) 
observed the sensitivity of Cicer arietinum, Viqna mungo 
and Triqonella foenum - qraecum to O3 cis influenced by 
different stages of growth and development. He reported 
that the partitioning and distribution of dry matter 
among different plant parts were also significantly 
disturbed and root, leaf and stem were adversely affected 
in a decreasing order. Development or physiological age 
was therefore an important factor in O3 sensitivity. 
Yield of mungbean and chick-pea were reduced by O3 
exposure. Poor nutritional status as a result of the 
exposures may have directly suppressed the flowering and 
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fruiting of the plants. O3 has been shown to be 
responsible for shedding pollen grains of and their 
reduced germination, reduction in pollen tube growth and 
inactivation of ovules (Kress ^ , 1986). The failure 
of fertilization due to pollutants was also reported 
(Linzon, 1978). These adverse effects in conjunction 
with suppressed plant growth characters may have reduced 
the number of pods produced by the exposed plants of the 
crops. 
Single and dual inoculation of plants with B. 
iaponicum and ^ fasciculatum favoured the mungbean and 
chick-pea. Plant growth and yield was greater in dual 
inoculated plants. The root symbionts together caused a 
considerable increase in the yield of unexposed plants of 
mungbean and chick-pea, when compared to the plants 
without any symbiont. Root nodule bacteria improve 
growth and yield of leguminous plants by fixing the 
atmospheric nitrogen symbiotically (Adholeya ^ , 1988 
a and 1988b; Taha, 1993). 
VAM fungi increase phosphorus nutrition and improve 
plant growth (Hayman and Mosse 1972; Hayman, 1978). Even 
under 03 exposures when the nodulation and colonization 
were affected adversely, the symbionts had some 
favourable effects on mungbean and chick-pea. In O3 
exposed plants inoculated with B_j_ i aponicum and G. 
fasciculatum (singly and in combination), the reduction 
in plant growth and yield were comparatively less than 
the exposed plants without bacteria or VAM. Yield in 
terms of number of pods/plant in uninoculated plants of 
mungbean and chick-pea at 0.2 ppm O3 was 65.6% and 62.4% 
ppm reduced respectively in comparison to dual inoculated 
plants at 0.2 pp, O3. This shows that the yield losses 
of leguminous crops can be averted to some extent by the 
treatments of J^ iaponicum and ^ fasciculatum. Dual 
inoculation of plants is further beneficial for plants as 
109 
these symbionts interact synergistically (Manjunath ^ 
al., 1984; Ames et , 1991; Murakami et al., 1991). 
Reduction in chlorophyll contents (a, b and total 
chlorophyll) was significant at 0.1 and 0.2 ppm in 
mungbean and in chick-pea at 0.2 ppm. Seed protein 
contents were reduced in all the treatments at 0.1 and 
0.2 ppm O3. But in chick-pea the decline in seed 
proteins as a result of O3 exposures was more in 
uninoculated plants compared to inoculated plants. 
Percentage reduction in seed protein was also lower in 
inoculated plants (nodulated, mycorrhizal and dual 
inoculated) in comparison to uninoculated plants. The 
symbionts (VAM fungus and root nodule bacterium) diluted 
the effect of O3 in the inoculated plants. Similar 
results for nodulated plants of chick-pea were reported 
by Singh (1989). 
O3 accumulates in the palisade layer of leaves and 
causes their bleaching and discoloration through 
destruction of chlorophyll. The affected cells ultimately 
collapse (Macdowall, 1965; Sakaki ^ ai,-, 1985). O3 
induced inhibition in chloroplast electron transport 
system, has been reported by Rhoads and Brennan (1978) in 
a sensitive tobacco cv Bel W3. The inhibition was 
smaller in a resistant cultivar Bel B. Structure and 
physiology of cell membrane is also affected by O3, 
leading to leakage of potassium and some electrolytes 
(Rhoads and Brennan 1978; Heath and Frederick, 1979; Heck 
^ , 1986) . 
Significant reductions in nodule number, nodule dry 
weight and percent nitrogen content was found at both the 
concentrations in mungbean and chick-pea. It is unlikely 
that O3 directly affected the nodulation because O3 
breaks down immediately as it penetrates the soil. The 
reduction in the nodule number and their dry weight was 
apparently indirect through the host. Reduced 
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translocation of photosynthates to root (Tingey, 1974) 
and suppressed root growth could not sustain japonicum 
sufficiently. Decline in nodulation due to O3 has also 
been recorded on soybean (Tingey and Blum, 1973), lentil 
and chick-pea (Singh, 1989). Tingey and Blum (1973) 
correlated that inhibition in nodulation by Rhizobium on 
soybean roots to reduced carbohydrates in the roots as a 
result of O3 exposures. The reduction in nodulation is 
directly correlated to the reduction in nitrogen content. 
Reduction in phosphorus in plants may also be the most 
important limiting factor for N2-fixation. There is 
vital role of P in energy transfer and large quantity of 
energy required for the reduction of N2 to NH3. The 
addition of P to soil usually causes an increase in the 
concentration of P and N in plant tissues (Andrew, 1976). 
Inoculation of ^ iaponicum and G^ fasciculatum 
(single and dual) promoted the N and P content in shoot 
and root of mungbean and chick-pea. The improvement of P 
uptake by the host plant resulting from VAM infection 
enhances nodulation and N-fixation (Manjunath ^ , 
1984). Increased absorptive surface area of mycorrhizal 
roots also allow to extract P from a greater volume of 
soil than non-mycorrhizal roots (Hayman and Mosse, 1972). 
In the present experiment the presence of G. 
fasciculatum alone or with B^ j aponicum may have 
compensated for the reduction in root surface area caused 
by O3. VAM may have increased the efficiency of P 
uptake. 
''"Spore production by ^ fasciculatum was reduced 
significantly at both the concentrations of O3. Per cent 
colonization of roots by the VAM fungus was reduced at 
0.2 ppm in mungbean. However, in chick-pea it was not 
affected significantly. Phosphorus content was also 
affected adversely in both the crops. Feicht (1981) 
recorded inhibition of spore production due to O3, but 
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colonization was unaffected. The effect of O3 on the 
fungus was probably mediated through an effect on host 
metabolism rather direct as O3 can not penetrate the soil 
(Blum and Tingey, 1977). 
Reduction in root carbohydrates by ozone may have 
reduced spore production of ^ fasciculatum. Since 
colonization was not reduced significantly in chick-pea 
plants, it indicates that the two phases of fungal 
development may have different energy requirements. The 
efficiency of the mycorrhizal symbiosis during a single 
season was affected slightly because reproductive 
capacity of fungus was reduced. So the inoculum 
production was reduced. McCool ^ aj^ . (1979) found that 
weekly acute O3 exposures eliminated the beneficial 
effects of ^ fasciculatum on the growth of Troyer 
citrange orange seedlings. Effects on P, K, Ca and Na 
contents of citrange leaves, suggested that O3 altered 
host metabolism and thus affected the mycorrhizal 
symbiosis leading to reduction in root infection. The 
production of external chlamydospores was influenced by 
O3. The differences between results are probably due to 
different experimental conditions. 
Decreased root carbohydrates under O3 stress may 
have resulted from decreased carbon allocation to roots 
(McCool and Menge, 1983). Carbon allocation as a whole 
reflects an integrated response, which links 
photosynthesis to growth and maintenance process. Altered 
root carbohydrate allocation resulting from O3 exposure 
may affect host fungus compatibility. 
The findings in this experiment show that O3 
exposures affected all the living components of the 
system. The adverse affects of O3 on plants were 
partially averted by the symbiotic activity of the root 
nodule bacterium and the VAM fungus. Similar results may 
be expected for other leguminous crops, in the presence 
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of the root symbionts and O3 pollution stress. This role 
of root nodule bacteria and VAM fungi besides their role 
in plant nutrition, is of great agricultural 
significance. Root nodule bacteria for leguminous crops 
and VAM fungi for much of the agricultural crops in 
general, can be used for artificial inoculations in order 
to provide protection from our pollution stress. 
SUMMARY 
O3 suppressed plant growth (lengths, fresh and dry-
weights of shoot and root) nnd yield (number of pods per 
plant) of mungbean and chick-pea, at both the 
concentrations (0.1 and 0.2 ppm) used in the artificial 
treatment conditions. The adverse effect of O3 was 
greater on the root than shoot. Suppression in growth and 
yield of both the plants were higher at 0.2 ppm than at 
0.1 ppm. The adverse effect of O3 were less in plants 
inoculated either with root nodule bacterium Brady-
rhizobium japonicum or VAM, Glomus. fasciculatum fungus 
or both. The suppression were lowest in dual inoculated 
(both with iaponicum and fasciculatum) plants. The 
yield was lowest in uninoculated plants. At 0.2 ppm it 
was 50% less in mungbean and 62% in chick-pea than dual 
inoculated plants. 
The root symbionts ^ japonicum and fasciculatum 
improved plant growth and yield either in single or dual 
inoculation. Highest plant growth and yield were obtained 
in dual inoculatious. The root symbionts therefore 
provided protection to the crops against the adverse 
effects - ozone. Chlorophyll content (chlorophyll a, 
chlorophyll b and total chlorophyll) of the leaves was 
reduced significantly at both the concentration of O3 in 
mungbean and at 0.2 ppm in chick-pea. Chlorophyll content 
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was enhanced by the inoculation of B^ iaponicum and G. 
fasciculatum singly and in combination. The increase was 
higher in nodulated plants than mycorrhizal when compared 
to uninoculated plants. 
Like chlorophyll content, protein content of the c> -j, 
seed declined at both =the Concentrations in mungbean. In 
chick-pea, seed protein was reduced significantly in 
uninoculated plants at 0.2 ppm. But in the inoculated 
plants also, the effect of O^ was less than mungbean. 
Seed protein in both the crops was, however, lowest in 
uninoculated plant exposed to 0.2 ppm O3. The reduction 
in this treatment was 22.3% for mungbean and 20.5% for 
chick-pea when compared to dual inoculated plants exposed 
to 0.2 ppm. Inoculation of the symbionts increased the 
seed protein. Highest protein content was observed in 
dual inoculated plants. 
Inoculation of the plants with root symbionts (B. 
iaponicum with G^ fasciculatum) together significantly 
increased the dry weight of nodules in mungb'ean and 
nodule number and dry weight of nodules in mungbean and 
chick-pea. Percent root colonization by the VAM fungus 
and spore number were also found to be increased 
significantly in dual inoculated plants. Nitrogen and 
phosphorus contents were also enhanced in the presence of 
the root symbionts both in single and dual inoculations. 
Treatment of the plants with O3 caused significant 
reduction in the nodule number and dry weight of nodules 
and nitrogen content of shoot and root in mungbean and 
chick-pea at both the concentrations. Percent coloniza-
tion of root by G.^. fasciculatum in mungbean was reduced 
significantly at 0.2 ppm O3 but in chick-pea the 
reduction was not significant. Spore number in both the 
plants were reduced significantly at both the concentra-
tions. Phosphorus content of shoot and root was reduced 
by O3 in uninoculated plants of both the crops. In the 
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inoculated plants the reduction in phosphorus content was 
significant for root but not for shoot. 
SECTION IV 
EFFECT OF FLY ASH AMENDED SOIL ON PLANT GROWTH AND YIELD 
OF MUNGBEAN AND CHICK-PEA AND ON THEIR ROOT NODULATION BY 
ROOT NODULE BACTERIUM AND ROOT COLONIZATION BY VAM FUNGUS 
This study was conducted in greenhouse conditions to 
determine the effect of various levels of fly ash added 
in soil on plant growth and yield of mungbean and chick-
pea and on the root symbionts, Bradyrhizobium japonicum 
and Glomus fasciculatum. Different levels of fly ash in 
soil (v/v) were obtained by adding requisite qunntity of 
fly ash obtained from a coal-fired thermal power plant, 
Kasimpur (Aligarh) to the field soil. 
Fly ash is particulate air pol]utant emanating 
mainly from coal fired thermal power plants. It is a 
major air pollutant in India. Fly ash affects plant 
growth and yield of crop plants. It is reported to 
improve plant growth and yield of some crops, if present 
in soil to certain extent (Plank and Martens, 1973; Plank 
et al., 1975). Adverse effects on crop plants have also 
been recognised (Kamath, 1979; Mishra and Shukla, 1986). 
Though inhibition of root nodulation by fly ash was 
found by Singh (1989), there is no report on the effect 
of fly ash on VAM fungi in relation to root colonization 
of crop plants and development of their spores in soil. 
MATERIALS AND METHODS 
Fly ash used in the experiment was obtained from a 
coal-fired thermal power plant, Kasimpur (Aligarh). 
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Three power houses (A, B and C) with 90, 210 and 230 MW 
capacity respectively comprise the power plant complex. 
The coal used as a fuel bituminous type. Electrical 
conductivity and pH of the fly ash were measured with the 
extract from 1:1 fly ash/water suspension (w/v), as given 
in section I. 
Soil amendment with fly ash 
For this study, fly ash was added to the sandy loam 
field soil (66% sand, 24% silt, 8% clay, OM 2%, pH 7.5) 
to achieve different levels (v/v) i.e. 0% (without fly 
ash) 10%, 25%, 50%, 75% and 100% fly ash in the soil. 
The effect of above mentioned levels of fly ash in 
the soil was studied on mungbean and chick-pea using the 
following treatments: 
Unamended soil (0% fly ash) 
Plant 
Plant + Bradyrhizobium japonicum 
Plant + Glomus fasciculatum 
Plant + B. iaponicum + G. fasciculatum 
Fly ash levels 
Plant + 10% fly ash 
Plant + 10% fly ash + B. iaponicum 
Plant + 10% fly ash + G. fasciculatum 
Plant + 10% fly ash + B. iaponicum + G. fasciculatum 
Plant + 25% fly ash 
Plant + 25% fly ash + B. iaponicum 
Plant + 25% fly ash + G. fasciculatum 
Plant + 25% fly ash + B. iaponicum + G. fasciculatum 
Plant + 50% fly ash 
Plant + 50% fly ash + B. iaponicum 
Plant + 50% fly ash + G. fasciculatum 
Plant + 50% fly ash + B. iaponicum and G. fasciculatum 
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Plant + 75% fly ash 
Plant + 75% fly ash i B^ 'iaponicum 
Plant + 75% fly ash + ^ fasciculatum 
Plant + 75% fly ash + B^ japonicum + fasciculatum 
Plant + 100% fly ash 
Plant + 100% fly ash + ^ japonicum 
Plant + 100% fly ash + G^ fasciculatum 
Plant + 100% fly ash + B_i. japonicum + fasciculatum 
Plant culture 
Mixtures of soil and fly ash were filled in 15 cm 
diam. clay pots and the pots were autoclaved. Surface 
sterilized seeds of mungbean and chick-pea were sown clay 
pots, separated for each crop, having 6 seeds/pot. After 
emergence, the seedlings were thinned to one/pot. 
Inoculation of symbionts 
Pots were separated into four sets each having 3 6 
pots. In the first set of pots, the plants were kept 
uninoculated. Inoculation of symbionts (singly and in 
combination) were done in three sets. Inoculation with B. 
japonicum (seed dressing) and G^ fasciculatum (1000 
spores/pot) were done in the same manner as-described in 
section II. Each treatment was replicated six times. 
The pots were arranged in complete randomised blocks on 
glasshouse benches. 
At the termination of experiment (90-day-old plants 
of both the crops) , following parameters were deterinined 
Length (shoot, root) 
Fresh weight (shoot, root) 
Dry weight (shoot, root) 
Number of pods/plant 
Leaf chlorophyll (chlorophyll a, chlorophyll b and total 
chlorophyll) 
Seed protein (total) 
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Number of nodule 
Dry weight of nodules 
Nitrogen content (shoot, root) 
%VAM colonization of roots 
Spore number (per 100 g soil) 
Phosphorus content (shoot, root) 
For determining the above parameters the same 
methods as described in section II were employed. The 
data were subjected to analysis of variance (ANOVA) and 
CD at P=0.05 was calculated. ANOVA tables are given in 
appendix. 
RESULTS 
Electrical Conductivity and pH of fly ash 
Electrical conductivity (EC) of fly ash 
(100%) obtained from the thermal power plant, Kasimpur 
was 9.84 mmhos cm~^. The pH of the fly ash was 8.9. 
Mungbean (Vigna radiata) 
Plant growth 
Plant growth of mungbean showed an increase by 
inoculation of the plants with the root symbionts, B. 
iaponicum and ^ fasciculatum. singly or in combination. 
Length, fresh and dry weights of shoot and root were 
greater than uninoculated plants. Increases in the 
parameters were greatest in dual inoculated plants 
followed by mycorrhizal plants. Shoot and root 
lengths of uninoculated plants showed a significant 
increase (P=0.05) at 10% fly ash level. In nodulated, 
mycorrhizal and dual inoculated plants, however, 
significant increase in shoot and root lengths occurred 
both at 10 and 25% levels of fly ash. At 50% fly ash 
level, the increase observed in shoot length was not 
significant in most of the treatments (Table 1). 
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0 10 25 50 75 100 
Plant S-•34, ,46 39 .25 36 .42 36 .33 31 .22 31 .04 
R-• 7, .95 9 .75 8 .08 8 .10 5 .70 3 .80 
Plant + S-•37, .20 40 .82 40 .70 38 .24 36 .21 33 .20 
B. iaoonicum R-• 8, 01 9 .75 9 .52 8 .95 6 .26 4 .16 
Plant + s -•38, .50 41 .90 41 .86 39 .52 38 .24 34 .72 
G. fascicu- R-• 9, 75 11 .36 11 .92 11 .30 6 .80 4 .83 
latum 
Plant + S-40.14 44.16 43.56 41.30 39.82 35.31 





Treatment 1.65 0.72 5 
Fly ash 2.100 0.851 
Interaction 3.19 1.470 
S = Shoot, R = Root 
Each value is mean of six replicates. 
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Table 2. Effect of fly ash amendment on fresh weight of mungbean 
plants 
Fly ash (%) 
Fresh weight (g) 




























































Treatment 0.560 0.375 
Fly ash 0.766 0.484 
Interaction 1.533 0.867 
S = Shoot/ R = Root 
Each value is mean of six replicates. 
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Fly ash at 75 and 100% caused reduction in shoot and 
root lengths. The reductions were greater at 100%. In 
nodulated, mycorrhizal and dual inoculated plants, no 
significant reduction occurred in shoot length at 75% 
level. But at 100% level, reductions in shoot and root 
lengths of the inoculated plants were significant (Table 
1) . 
Increase in fresh weight of shoot and root was also 
highest and significant at 10% fly ash level in all the 
treatments. Fresh weight of mycorrhizal and dual 
inoculated plants increased (P=0.05) at 10 and 25% 
levels. But at 50%, reduction occurred in fresh weight 
of shoot and root of uninoculated and nodulated plants. 
Fresh weight of shoot of mycorrhizal and dual inoculated 
plants however, showed a slight increase. These 
influences at 50% level were not, significant. At 75 and 
100% levels significant reduction occurred in most of the 
treatments and all the treatments, respectively (Table 
2 ) . 
Dry weight of shoot and and root was also enhanced 
by fly ash. In most of the treatments increase was 
highest at 10% level. Shoot dry weight was increased 
(P=0.05) upto 50% level of fly ash. Increase observed in 
root dry weight of dual inoculated plants was significant 
(P=0.05) at 10 and 2 5%. But increases in root dry weight 
of nodulated and mycorrhizal plants were not significant 
at any level. Significant reduction occurred in shoot dry 
weight at 75 and 100% fly ash in most of the treatments. 
Shoot dry weight in dual inoculated plant at 100% fly ash 
was equal to uninoculated plant without fly ash (Table 
3) . 
Yield 
Fly ash influenced the number of pods also. 
Significant increase in pod number was observed upto 50% 
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Table 2. Effect of fly ash amendment on fresh weight of mungbean 
plants 
Fly ash (%) 










1 a turn 
CD (P=0.05) 
S R 
Treatment 0.173 0.166 
Fly ash 0.221 0.157 
Interaction 0.441 0.314 
S = Shoot, R = Root 
Each value is mean of six replicates. 
0 10 25 50 75 100 
S-1.860 2. 370 1.75 1.62 1.05 1.02 
R-0.452 0. 895 0.685 0.591 0.510 0.135 
S-2.020 2. 73 2.52 2.52 1.98 1.35 
R-0.522 0. 745 0.760 0.710 0.481 0.201 
S-2.32 3. 55 2.86 2.781 2.11 1.71 
R-0.707 0. 929 1.086 0.882 0.703 0.551 
S-4.25 5. 05 5.710 4.81 3.01 1.85 
R-2.083 2. 75 2.802 2.065 1.75 1.03 
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Table 2. Effect of fly ash amendment on fresh weight of mungbean 
plants 
Treatment 
Ply ash (%) 
Pod number 
0 10 25 50 75 100 
Plant 3.83 4.33 3.50 3.33 2.16 0.16 
Plant + 4.16 4.66 4.66 3.83 2.66 0.16 
B. iaponicum 
Plant + 5.66 5.83 5.66 5.16 3.66 0.50 
G. fascicu-
latum 
Plant + 7.33 9.16 9.50 9.16 3.68 0.83 
B. iaponicum 
+ G. fascicu-
1 a turn 
CD (P=0.05) 
Treatment 0.414 
Fly ash 0.581 
Interaction 1.161 
Each value is mean of six replicates. 
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level in dual inoculated plants. In uninoculated, 
nodulated, and mycorrhizal plants, the increase in the 
number of pods was not significant. Significant (P=0.05) 
reductions in pod numbers were observed at 7 5 and 100% 
levels in all the treatments (Table 4). 
Leaf chlorophyll and seed protein 
Leaf chlorophyll (chlorophyll a, chlorophyll b and 
total chlorophyll) and seed protein were promoted by the 
inoculation of both the symbionts (singly and in 
combination). 
Chlorophyll content was also found to be promoted by 
fly ash. Significant increase was observed at 10% level 
in all the treatments. At 25%, significant increase in 
chlorophyll b and total chlorophyll was found in 
uninoculated plants. Nodulated and mycorrhizal plants 
showed slight reduction in chlorophyll a and total 
chlorophyll at 25% level. In dual inoculated plants, 
significant increase occurred in chlorophyll a at this 
level. At 50% level, slight increase was observed in 
chlorophyll b and total chlorophyll. In nodulated and 
mycorrhizal plants at 50% level, reduction was observed 
only for chlorophyll b. Reduction in dual inoculated 
plants at 50% level was not significant. At 75 and 100% 
levels, chlorophyll a, b and total chlorophyll were 
reduced (P=0.05) in most of the treatments (Table 5). 
Seed protein was increased (P=0.05) at 10% fly ash 
level in all the treatments. At 25%, the increase in 
protein was significant only in dual inoculated plants. 
At 50% level, significant difference was not found when 
compared to their respective treatments at 0% level. 
Reductions occurred at 75% in all the treatments but this 
too was significant only in uninoculated plants (Table 
6) . 
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Table 5. Effect of fly ash amendment on leaf chlorophyll of 
mungbean plants 
Fly ash (%) 
Chlorophyll (mg/g) 
Treatment 
0 10 25 50 75 100 
Plant a-0.604 0. 753 0.660 0. 602 0. 494 0.449 
b-0.366 0. 572 0.473 0. 388 0. 275 0.230 
T-0.979 1. 375 1.240 1. 006 0. 818 0.709 
Plant + a-0.706 0. 832 0.700 0. 705 0. 510 0.462 
B. iaponicum b-0.473 0. 593 0.495 0. 401 0. 306 0.227 
T-1.293 1. 419 1.291 1. 172 0. 842 0.712 
Plant + a-0.676 0. 793 0.683 0. 673 0. 504 0.457 
G. fascicu- b-0.472 0. 566 0.465 0. 412 0. 298 0.221 
1 a turn T-1.264 1. 381 1.235 1. 165 0. 836 0.710 
Plant + a-0.955 1. 099 1.058 0. 951 0. 688 0.486 
B. iaponicum b-0.765 0. 851 0.778 0. 754 0. 430 0.294 
+ G. fascicu- T-1.885 2. 063 1.988 1. 784 1. 156 0.826 
latum 
CD (P=0. 05) 
a b T 
Treatment 0.036 0.033 0.063 
Fly ash 0.035 0.035 0.056 
Interaction 0.070 0.069 0.111 
a = Chlorophyll a, b = Chlorophyll b, T = Total chlorophyll 
Each value is mean of six replicates. 
126 
Table 6. Effect of fly ash amendment on total seed protein content 
in mungbean plants 
Treatment Fly ash (%) 
Protein % 
0 10- 25 50 75 100 
Plant 21.51 22.87 22.03 20.75 20.13 18.28 
Plant + 22.02 23.73 22.85 22.28 21.93 18.92 
B. iaponicum 
Plant + 22.70 22.81 22.89 22.50 22.20 19.85 
G. fascicu-
latum 





Treatment 0.3 54 
Fly ash 0.464 
Interaction 0.928 
Pr. = Protein 
Each value is mean of six replicates, 
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Root nodulation and nitrogen content 
Root nodulation responded favourably to dual 
inoculation of symbionts. Nitrogen content also 
increased (P=0.05) in inoculated (single and dual) plants 
(Table 7 & 8). 
Fly ash suppressed root nodulation. In nodulated and 
dual inoculated plants the number and dry weight of 
nodules decreased significantly (P=0.05) upto 75% fly ash 
level and at 100% level nodulation was completely 
inhibited (Table 7). 
Nitrogen content of shoot in uninoculated plants 
showed a significant increase at 10% fly ash, but 
decreased from 25% onwards. Reduction in nitrogen 
content of shoot was significant at 100% fly ash but in 
root it was also significant at 50 and 75% levels. In 
nodulated plants the increase was not significant at 10% 
but nitrogen contents of shoot and root were reduced at 
25 to 100% levels. Reduction in shoot nitrogen of 
mycorrhizal plants was significant at 75 and 100% and in 
root at 50, 75 and 100% levels. In dual inoculated 
plants, nitrogen content of shoot showed an increase at 
io and 25% and of root nitrogen at 10% level. The 
reductions in nitrogen content of shoot was significant 
at 75 and 100% and of root from 50% onwards. Lowest 
nitrogen for shoot and root was obtained in uninoculated 
plants at 100% level (Table 8). 
Root colonization, spore production and phosphorus 
content 
Root colonization and spore number of the VAM fungus 
were increased significantly by dual inoculation (B. 
iaponicum with G^ fasciculatum). Phosphorus content also 
showed an increase in inoculated (single or dual) plants. 
Root colonization by the VAM fungus and number of spores 
in mycorrhizal and dual inoculated plants were inhibited 
by fly ash at all the levels. Though the root 
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Table 7. Effect of fly ash amendment on nodule number, nodule 
dry weight of mungbean plants 
Treatment Fly ash (%) 
Nodule number/nodule dry weight (mg) 
0 10 25 50 75 100 
Plant _ _ _ _ _ _ 
Plant + 5.66 4.33 4.16 3.16 2.66 00 
fi. japonicum 6.16 6.03 4.52 3.36 1.02 00 
Plant + _ _ _ _ _ _ 
G. fasclcu 
latum 
Plant + 5.50 5.50 2.16 2.00 0.33 0.33 
B. japonicum 9.25 10.01 6.02 5.25 3.75 0.50 
+ G. fascicu-
1 a turn 
CD (P=0.05) 
N.no. D.wt. 
Treatment 0.183 0.303 
Fly ash 0.317 0.525 
Interaction 0.449 0.743 
N.no. = Nodule number, D.wt. = Dry weight 
Each value is mean of six replicates. 
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Table 8. Effect of fly ash amendment on nitrogen content of 
mungbean plcints 
Treatment Fly ash (%) 
Nitrogen (%) 
0 10 25 50 75 100 
Plant S-l. 003 1. 530 0. 972 0. 981 0. 934 0. 781 
R-O. 241 0. 267 0. 224 0. 203 0. 202 0. 101 
Plant + S-l. 518 1. 560 1. 13 1. 04 1. 03 0. 811 
B. iaponicum R-O. 443 0. 436 0. 391 0. 282 0. 201 0. 100 
Plant + s - l . 457 1. 510 1. 572 1. 334 1. 232 1. 002 
G. fascicu R-O. 391 0. 392 0. 370 0. 255 0. 237 0. 113 
latum 
Plant + S-2. 340 3. 102 3. 010 2. 50 2. 003 1. 020 














S = Shoot, R = Root 
Each value is mean of six replicates. 
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Table 9. Effect: of fly ash on % VAN colonizatilon, spore number in 
mimgbean plants 
Treatment Fly ash (%) 
% colonization/spore no./lOO g soil 
0 10 25 50 75 100 
Plant - _ _ _ _ _ 
Plant + - _ _ _ _ _ 
B. iaponicum 
Plant + 58.16 56.66 57.83 54.05 51.83 38.5 
G. fascicu- 191.2 186.83 186.33 165.66 160.16 45.20 
latum 
Plant + 73.83 71.83 71.66 65.16 64.06 42.66 




% Co Sp. no. 
Treatment 1.61 4.90 
Fly ash 2.13 5.55 
Interaction 3.02 7.85 
% Co = % colonization, Sp. no. = Spore number. 
Each value is mean of six replicates. 
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Table 10. Effect of fly ash amendment on phosphorus content of 
miingbean plants 














Treatment 0.102 0.022 
Fly ash 0.075 0.018 
Interaction 0.150 0.03 6 
S = Shoot, R = Root 
Each value is mean of six replicates. 
0 10 25 50 75 100 
S-0.530 0. 68 0.553 0. 504 0. 506 0.320 
R-0.052 0. 058 0.0550 0. 052 0. 046 0.033 
S-0.57 0. 703 0.67 0. 530 0. 511 0.361 
R-0.055 0. 062 0.057 0. 054 0. 053 0. 035 
S-0.883 0. 980 0.95 0. 97 0. 73 0.605 
R-0.074 0. 045 0.092 0. 093 0. 073 0.057 
S-1.15 1. 40 1.26 1. 33 1. 01 0.833 
R-0.102 0. 185 0.143 0. 102 0. 103 0.083 
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colonization by the VAM fungus and its number of spores 
were also inhibited at 10 and 2 5% levels the inhibitions 
were significant at 50, 75 and 100% levels (Table 9). 
Phosphorus content of the plants was promoted by fly 
ash upto 50% level. The increase in phosphorus contents 
of shoot and root was highest at 10% in all the 
treatments. At 25 and 50% the increases were not 
significant in most of the treatments. It was reduced at 
75 and 100% levels but the reduction was significant only 
at 100% level. Shoot and root phosphorus in dual 
inoculated plants at all the levels of fly ash was 
significantly higher than uninoculated and single 
inoculated plants compared at respective levels. 
Phosphorus contents of shoot and root of uninoculated 
plants were lowest at 100% fly ash level (Table 10). 
Chick-pea (Cicer arietinum) 
Plant growth 
All the growth character (length, fresh and dry 
weight of shoot and root) of chick-pea were increased by 
the inoculation of the roots symbionts (B^ japonicum and 
G. fasciculatum) singly and in combination. The increase 
was highest in the dual inoculated plants. 
Like mungbean, chick-pea showed enhanced growth at 
lower levels and suppressed growth at higher levels of 
fly ash. Root and shoot lengths of uninoculated and 
nodulated plants showed a significant increase at 10% fly 
ash level. The increase was, however, not significant at 
25 and 50% levels. In mycorrhizal and dual inoculated 
plants, shoot and root lengths showed significant 
enhancement upto 50% fly ash level. At 75% level, 
significant reduction occurred in root length of 
uninoculated plants and in shoot length of nodulated 
plants. Slight increase (not significant) was observed 
at 75% level in mycorrhizal and dual inoculated plants. 
Fly ash at 100% suppressed shoot and root lengths 
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Table 11. Effect of fly ash amendment on length of chick-pea 
plants 
Fly ash (%) 
Length (cm) 




























































Treatment 1.043 0.681 
Fly ash 1.050 0.768 
Interaction 2.012 1.536 
S = Shoot, R = Root 
Each value is mean of six replicates. 
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Table 12. Effect of fly ash amendment on fresh weight of chick-
pea plants 
Fly ash (%) 
Fresh weight (g) 




































































Treatment 0.784 0.405 
Fly ash 0.805 0.356 
Interaction 1.211 0.732 
S = Shoot, R = Root 
Each value is mean of six replicates. 
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significantly in all the treatments which were lowest in 
dual inoculated plants' (Table 11). Fresh weight of 
shoot and root increased (P=0.05) at 10% level in all the 
treatments. At 25%, the increase for shoot and root was 
not significant in uninoculated plants. In nodulated and 
mycorrhizal plants significant increase, however, 
occurred in root fresh weight. In dual inoculated plants, 
shoot and root fresh weights showed a significant 
increase (P=0.05,) at this level. AT 50% level, fresh 
weight in uninoculated plants showed a significant 
reduction. Root fresh weight of nodulated and mycorrhizal 
plants increased (P=0.05) significantly. Significant 
increase in shoot fresh weight was also observed in dual 
inoculated plants at this level. At 75% level, slight 
reduction occurred in fresh weights of shoot and root in 
uninoculated and nodulated plants. Significant increase 
was, however, observed in fresh weight of root in 
mycorrhizal and of shoot and root of dual inoculated 
plants. At 100% level, significant reduction occurred in 
all the treatments (Table 12). 
Dry weights of shoot and root showed an increase 
(P=0.05) at 10% level in all the treatments. At 25% 
level, shoot dry weights of uninoculated plants and shoot 
and root dry weights of mycorrhizal and dual inoculated 
plants increased (P=0.05) significantly. At 50% level, 
significant increase was observed in root dry weight of 
mycorrhizal and shoot and root dry weight of dual 
inoculated plants. At 75%, a slight reduction was 
recorded in shoot and root dry weights of uninoculated, 
nodulated and mycorrhizal plants, while the root dry 
weight of dual inoculated plants showed an increase 
(P=0.05). Fly ash at 100% level suppressed the dry 
weights weights in all the treatments (Table 13). 
Yielcipj^ g number of pods increased significantly at 10 and 
25% fly ash levels in most of the treatments while at 50 
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Dry weight (%) (g) 




























































Treatment 0.169 0.072 
Fly ash 0.164 0.094 
Interaction 0.327 0.132 
S = Shoot, R = Root 
Each value is mean of 6 replicates. 
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Table 14. Effect of fly ash amendment on number of pods in chick-
pea plants 
Treatment 
Fly ash (%) 
Number of pods/plant 
0 10 25 50 75 100 
2. 66 3.66 3.50 2.50 2.16 0.83 
2.50 4.16 3.83 3.50 3.16 1.16 
4.16 5.66 4.66 3.83 3.16 2 .16 













Fly ash 0.632 
Interaction 1.340 
Each value is mean of six replicates, 
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and 7 5% levels slight reduction occurred. At 100% level, 
the number of pods was found to be reduced in all the 
treatments. It was lowest in uninoculated plants (Table 
14) . 
Leaf chlorophyll and seed protein 
Leaf chlorophyll (chlorophyll a, chlorophyll b and 
total chlorophyll) was significantly increased by the 
inoculation of the symbionts (B_j_ i aponicum and G. 
fasciculatum in single and dual inoculations). Protein 
content of seeds also showed a significant increase in 
dual inoculated plants. Fly ash affected the chlorophyll 
content of leaves. Chlorophyll a, chlorophyll b and total 
chlorophyll showed significant increase upto 50% fly ash 
level in most of the treatments as compared to their 
respective controls. AT 75% level, howejver, a slight 
reduction was observed in dual inoculated plants. 
Reduction was significant in all the treatments at 100% 
level. Lowest chlorophyll content was observed in 
uninoculated plants at 100% fly ash level (Table 15). 
Seed protein content was promoted by fly ash upto 
50% level but the increase was significant only at 10% 
level in most of the treatments. Slight but significant 
reduction, however, occurred at 75 and 100% levels 
respectively in all the treatments. In dual inoculated 
plants, seed protein at each level was greater than the 
protein in uninoculated and single inoculated plants at 
respective levels (Table 16). 
Root nodulation and nitrogen content 
Significant increases in nodule number and dry 
weight of nodules were observed in dual inoculated plants 
(B. iaponicum and G^:. fasciculatum) plants of chick-pea. 
Nitrogen contents of shoot and root also showed an 
increase (P=0.05) in inoculated (single and dual) plants. 
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Table 15. Effect of fly ash amendment on chlorophyll contents in 
chick-pea plants 
Treatment 
Fly ash (%) 
Chlorophyll (mg/g) 
0 10 25 50 75 100 
Plant a-0.402 0.570 0.534 0. 533 0. 404 0. 379 
b-0.315 0.457 0.446 0. 415 0. 321 0. 293 
T-0.825 1.123 0.915 0. 983 0. 752 0. 680 
Plant + a-0.523 0.680 0.660 0. 587 0. 473 0. 403 
B. japonicum b-0.407 0.565 0.508 0. 476 0. 385 0. 321 
T-1.108 1.316 1.211 1. 236 1. 024 0. 762 
Plant + a-0.486 0.653 0.657 0. 611 0. 506 0. 412 
G. fascicu- b-0.372 0.551 0.550 0. 511 0. 401 0. 311 
1 a turn T-1.028 1.301 1.297 1. 201 1. 002 0. 761 
Plant + a-0.705 0.794 0.797 0. 797 0. 676 5. 673 
B. japonicum b-0.589 0.697 0. 683 0. 681 0. 575 0. 447 
+ G. fascicu- T-1.432 1.574 1.579 1. 551 1. 261 1. 201 















a = chlorophylla, b = chlorophyll b, T = Total chlorophyll. 
Each value is mean of six replicates. 
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Table 16. Effect of fly ash amendment on total seed protein 
content in chick-pea plants 
Fly ash (%) 
Protein % 
0 10 25 50 75 100 
Plant 27.36 29.53 27.81 27.63 25.43 23.06 
Plant + 28.72 30.84 29.66 27.81 26.82 23.71 
B. iaponicum 
Plant + 29.30 30.50 30.03 30.51 29.21 25.33 
g. fascicu-
latum 






Fly ash 1.022 
Interaction 2.043 
Each value is mean of six replicates. 
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Table 17. Effect of fly ash amendment on number of nodules and 
dry weight of nodules in chicK-pea plants 
Fly ash (%) 
Nodule no. / Dry weight of nodule (mg) 
0 10 25 50 75 100 
Plant - - _ - _ 
Plant + 15.66 14.16 14.33 12.16 10.16 00 
B. iaoonicum 48.50 48.29 42.02 40.11 25.41 00 
Plant + _ _ _ _ _ _ 
G. fascicu-
1 a turn 
Plant + 43.50 40.50 35.83 33.50 30.16 00 





Treatment 2.31 2.058 
Fly ash 3.08 4.833 
Interaction 3.29 6.239 
N.no. = Nodule number, D.%rt: = Dry weight 
Each value is mean of six replicates. 
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Table 18. Effect of fly ash amendment on nitrogen content in 
chick-pea plants 
Fly ash (%) 
Nitrogen (%) 




























































Treatment 0.194 0.060 
Fly ash 0.218 0.101 
Interaction 0.436 0.137 
S = Shoot, R = Root. 
Each value is mean of six replicates. 
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Root nodulation in chick-pea was suppressed by the fly 
ash levels. In nodulated plants, reduction in nodule 
number was significant at 50 and 75% levels. Dry weight 
of the nodules was reduced significantly at 25% level 
also. In dual incoculated plants, reduction in nodule 
number was significant at 25, 50 and 75% levels and in 
dry weight of nodules at 50 and 75% levels. At 100%, 
root nodulation was completely inhibited in all the 
treatments (Table 17) . 
Nitrogen content of shoot and root was also promoted 
by the lower levels of fly ash. The increase in shoot 
and root nitrogen was significant at 10 and 25% levels in 
most of the treatments. But at 50% level, significant 
reduction was observed in most of the treatments (Table 
18) . 
Root colonization, spore production and phosphorus 
content 
Root colonization by the VAM fungus and spore number 
were significantly increased in dual inoculated plants 
when compared to mycorrhizal ones. Phosphorus content of 
shoot and root was also higher in plants inoculated with 
the root symbionts (singly and in combination). Root 
colonization by the VAM fungus, ^ fasciculatum and spore 
number/plant were suppressed by the fly ash. At 10% the 
reduction was, however, not significant. But 
significant reduction occurred from 25% onwards (Table 
19) . 
Phosphorus content of shoot and root was influenced 
by the fly ash levels. At 10%, significant increase 
occurred both in shoot and root of the plants in all the 
treatments. At 25% level, the increase in shoot 
phosphorus of uninoculated plants was not significant. 
However, in nodulated, mycorrhizal and dual inoculated 
plants, significant increase (P=0.05) occurred at this 
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Table 19. Effect of fly ash on % VAM colonization, spore number 
in chick-pea plants 
Fly ash (%) 
%colonization/spore number/100 g soil 
0 10 25 50 75 100 
Plant - - - - - -
Plant + - _ _ _ _ _ 
B. iaponicum 
Plant + 72.3 70.4 63.3 62.4 62.1 56.2 
G. fascicu- 210.4 204.2 195.1 194.8 160.3 135.6 
latum 
Plant + 79.5 75.0 75.1 65.2 64.3 58.4 




% Co Sp. no. 
Treatment 2.253 4.325 
Fly ash 4.671 10.448 
Interaction 6.303 14.725 
% Co = % colonization, Sp. no. = Spore number 
Each value is mean of six replicates. 
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Table 20. Effect of fly ash amendment on phosphorus content In 
chick-pea plants 
Fly ash (%) 
Phosphorus (%) 



























































































S = Shoot, R = Root. 
Each value is mean of six replicates. 
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level. At 50%, phosphorus content of shoot and root was 
equal to plants at 0% level. Phosphorus content of shoot 
showed an increase (P=0.05) in nodulated, mycorrhizal and 
dual inoculated plants. At 75% level, phosphorus content 
of the shoot showed a slight reduction in uninoculated 
and dual inoculated plants and slight increase in 
mycorrhizal and dual inoculated plants but phosphorus 
content of the root declined. However, these effects 
were not significant at this level. At 100% level, shoot 
and root phosphorus significantly declined in all the 
treatments (Table 20) . 
DISCUSSION 
Soil amendment with fly ash enhanced the growth and 
yield of mungbean and chick-pea. These effects were 
related to the concentration of fly ash in soil. The 
beneficial effects of fly ash were optimal at 10-25%. 
Promotion of plant growth and yield at low levels of fly 
ash has been reported by some workers (Plank ^ al. , 
1975; Singh 1989; Pasha, 1991). Some utilizable nutrients 
like K, Zn, B, Mn etc. were found to be available in the 
fly ash (Pasha, 1991), which may have increased growth 
and yield of mungbean and chick-pea. Druzina ^ al. 
(1982) attributed the enhancement of plant growth and 
yield to the utilizable plant nutrients available in fly 
ash. 
Fly ash is highly alkaline in nature. It can 
neutralize soils to some extent and increases ion 
exchange capacity, water holding capacity and porosity 
(Jones and Straughan, 1978; Adriano et al., 1980; Elseewi 
et al. , 1981) . These favourable effects of fly ash in 
soil may have also contributed towards the enhanced plant 
growth and yield of mungbean and chick-pea. Above 50% 
level of fly ash, plant growth and yield of both the 
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crops were adversely influenced. The adverse effect of 
fly ash on plant growth and yield at higher levels (75 
and 100%) may be due to toxic effects of some compounds 
like dibenzofuran, dibenzo-p-dioxine, heavy metals etc. 
present in fly ash (Helder ^ / 1982; Wong and Wong, 
1986). The concentration of these compounds at higher 
levels may have exceeded the tolerance level for chick-
pea and mungbean. At lower levels, the beneficial effect 
of the fly ash would have masked the negative effects of 
these toxic compounds. 
Trends of favourable and harmful effects of fly ash 
on leaf pigments and seed protein were same as observed 
for growth and yield. At low levels, chlorophyll contents 
were enhanced and inhibited at 75 and 100% of fly ash. 
Earlier studies have revealed a positive correlation of 
leaf pigments and seed proteins with plant growth (Singh, 
1989; Pasha, 1991). It means that the healthy plants due 
to improved soil nutrients as a result of fly ash 
application synthesized greater pigments and proteins and 
vice versa. 
Fly ash suppressed root nodulation at all the levels 
of fly ash in mungbean and chick-pea. At 100% fly ash 
levels, a complete inhibition in the formation of root 
nodules was recorded. Heavy metal and other toxic 
meterials present in fly ash might have suppressed root 
nodulation. Soil alkalinity resulting from addition of 
fly ash may have inhibited the activity of the bacteria, 
which led to significant decline in nodule formation. 
These chemicals were also inhibitory for the VAM 
fungus as root colonization and spore production by G. 
fasciculatum was significantly inhibited as a result of 
fly ash application. The degree of infection of onions 
with the VAM fungus Glomus mosseae was strongly reduced 
by additions of zinc, copper, nickel or cadmium to the 
soil medium (Gildon and Tinker, 1983a and 1983b). 
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•3&opulation of VAM fungi was also reduced at a site y ty 
polluted with heavy metals JJJcd. Cd, Pb and Zn (letswaart 
et al. , 1992). At low levels, vVetttoemcemerrfe^ -in growth and-
yield oceurFerri:^ -^  and phosphorus content erirst) increased in 
both the crops. But decreased development of the VAM 
fungus was recorded at all the levels. This might be due 
to increased soil fertility of soil particularly at low 
levels. The increased soil fertility decreases 
raycorrhizal dGvelopracnt (Daft and Nicolson, 1972; Hayman 
and Mosse, 1972 ; Khan, 1975). It—is—roeognizod—tbat ^ 
high concentration of available P in soil retards 
development of mycorrhizae in plants (Mosse, 1981) as 
well as decreasing the dependency of the plants on the 
fungal association (Ojala ^ al., 1983). 
Due to poor root growth there w a ^ signif leant 
decrease in the root area provided for development of the 
nodule and colonization by the VAM fungus. In such a 
situation competition for root space may have developed 
between the two symbionts leading to adverse effects on 
both the symbionts. 
Toxic effects of higher levels of fly ash was 
mitigated by iaponicum and fasciculatum. which is 
evident by the enhanced plant growth and yield and higher 
leaf pigments (chlorophyll), seed proteins and nitrogen 
and phosphorus contents than the uninoculated and single 
inoculated plants at 75 or 100% fly ash. 
It shows that the root nodule bacteria and VAM 
fungus provided partial protection to mungbean and chick-
pea against the fly ash. The information is of great 
agricultural importance. Artificial inoculation of the 
legumes with VAM fungi and root nodule bacteria would 
benefit the farmers for cultivating agricultural crops 
around coal-fired industries especially the thermal power 
plants where soils are contaminated with fly ash. 
Inspite of suppressed nodulation and VAM 
149 
colonization of the plants grown in fly ash amended 
soils, the nitrogen and phosphorus content were promoted 
at low levels of fly ash. This may be due to enhanced 
photosynthates and growth via the improved nutrition 
originating from the fly ash. 
The present studies showed that fly ash at lower 
concentrations can enhance plant growth and therefore it 
can be used as a supplement to fertilizer. This would 
help in reducing the cost of food production and 
importantly on utilization of a huge waste. Before 
recommending a commercial application of fly ash as a 
fertilizer, some aspects like accumulation of toxic 
substances and heavy metals in plants need to be 
carefully evaluated. 
SUMMARY 
This experiment was conducted to assess effects of 
the soil amended with fly ash on mungbean and chick-pea 
in greenhouse. The fly ash was obtained from a coal-
fired thermal power plant, Kasimpur. Plants inoculated 
with the root symbionts, B. japonicum of both the crops 
and G. fasciculatum, either singly or in combination 
showed improved plant growth (length and fresh and dry 
weights of shoot and root), number of pods per plant, 
Leaf pigment (chlorophyll a, chlorhphyll b and total 
chlorophyll), total seed protein, root nodulation, % VAM 
colonization of roots, spore number per plant, nitrogen 
and phosphorus contents were also enhanced. Increase in 
the considered parameters were highest in dual inoculated 
plants. Growth parameters of the crops also showed an 
increase at low levels of fly ash. In mungbean, an 
increase was observed at 10% level in all the treatments 
and at 25% level in most of the treatments. At 50% level, 
the effects (either increase or decrease) were not 
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significant. At 75% level significant reductions in the 
considered growth parameters occurred. In chick-pea 
significant increase in growth was observed at 10% level 
in all the treatments and at 25 and 50% levels in most of 
the treatments. These effects were not significant at 
75% level. At 100% level significant reductions were 
observed in all the growth parameters of both the crops. 
Number of pods/plant increased significantly upto 50% 
level in dual inoculated plants and at 75 and 100% levels 
significant reductions occurred in all the treatments of 
mungbean plants. In chick-pea ^ significant increase in 
pod number was observed at 10 and 25% Icjvels in most of 
the treatments. At 50 and 75% levels, reductions 
observed were not significant. Significant reduction 
occurred at 100% level. Leaf chlorophylls (a, b and 
total) were significantly increased at 10% in all the 
treatments of mungbean. At^25% leve^ significant 
increase was observed in total chlorophyll of uninocu-
lated plant only. The effects (increase or decrease) 
were not significant at 50% level. At 75 and 100% 
levels, significant reduction were recorded in most of 
the treatments of mungbean. Significant increase was 
observed in chlorophyll a, b and total chlorophyll, upto 
50% level in most of the treatments of chick-pea. At 75 
and 100% levels, reduction occurred which was significant 
only at 100% level. Seed protein showed a significant 
increase at 10% level in all the treatments and at 25% in 
dual inoculated plants of mungbean. At 50% level there 
was no significant increase. At 75% level significant 
reduction occurred in uninoculated plants. At 100% 
level, significant reduction observed in all the 
treatments of mungbean. Seed protein in chick-pea also 
showed an increase upto 50% level. But the increase was 
significant at 10% level. Reductions occurred at 75 and 
100% levels, though and it was significant only at 100% 
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level. Root nodulation (number and dry weight of 
nodules/plant) by B. iaponicum was suppressed by fly ash 
l-e3rel-a and complete inhibition occurred in nodule 
formation at 100% level in both the crops. Per cent VAM 
colonization of roots and spore production by G. 
fasciculatum ^ as (^Iso^inhibited by the fly ash at each 
level in both the crops, ^ -j^eduction was significant from 
50% onwards in mungbean and 2 5% onwards in chick-pea. 
Nitrogen contents of shoot and root increased 
significantly at 10% in all the treatments of mungbean 
but^reduction occurred in nodulated plants from 25% 
onwards. Shoot nitrogen in dual inoculated plants s^wed 
significant increase at this level. At 75 and 100% level' 
. . . . ^ significant reductions were observed in most of the 
treatments of mungbean. In chick-poa, in^^ase^in 
nitrogen content was significant at 10 and 25% levels and 
significant reduction occurred from 50% onwards in most 
of the treatments. Significant increase5 in shoot and 
root phosphorus of mungbean occurred at 10% level, but 
not at 25 and 50% levels. Reduction-^recorded at 75 and 
100% levels was significant only at 100% level. In 
chick-pea significant increase in shoot and root //I 
phosphorus was observed at 10% level in all the treat-
ments. \ increase was also significant at 25% level in 
nodulated, mygo^rhizal and dual inoculated plants of 
chick-pea. At 50% level, phpsphorus was almost equal to 
plants at 0% level. At 75%, the effects (either increase 
or decrease) ^  not, signi'^ icant. Significant reduction 
occurred at 100% level in shoot and root phosphorus of 
chick-pea. 
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APPENDICES 
ANOVA TABLES - SECTION II 
Table la. Effect of SO2 on shoot length of mungbean. 
Source of Variables Df SS MSS F, .Value F. Value at 5% 
Rapiicatfis. - 5 13.352 2.670 0. 311 2.45 
Treatments (T) 3 417.414 139.138 16.217 2.84 
Error 15 128.695 8.579 
SO^ 2 176.804 88.402 17.945 3.23 
Interaction (TXSO2) 6 13.961 2 . 327 0.472 2 . 34 
Error (B) 40 197.046 4.926 
Table lb. Effect of SO2 on root length of mungbean. 
Source of Variables Df SS MSS F .Value F. Value at 5% 
Replicates 5 10.758 2. 152 0.854 2.45 
Treatments (T) 3 224.214 74.738 29.676 2.84 
Error (A) 15 37.776 2 .518 
SO, 2 54.947 27.473 11.063 3.23 
Interaction (TXSO2) 6 10.074 1.679 0.676 3.23 
Error (B) 40 99.333 2.483 
Table Ic. Effect of SO2 on shoot fresh weight of mungbean. 
Source of Variables Df SS MSS F .Value F .Value at 5% 
Replicates 5 8 . 320 1. 664 0.838 2.45 
Treatments (T) 3 310.674 103.558 52.147 2 .84 
Error (A) 15 29.788 1.985 
SO5 2 102.972 51.486 39.248 3 .23 
Interaction (TXSO2) 6 7 .794 1. 299 0.990 2.34 
Error (B) 40 52.472 1.311 
Table Id. Effect of SO2 on root fresh weight of mungbean. 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 0.781 0. 156 1. Oil 2.45 
Treatments (T) 3 85.866 28.622 185.275 2.84 
Error (A) 15 2.317 0. 154 
2 1 0 . r, ? 0 s. n 1 1 1. (.nn 1 . 
Interaction (TXSO2) 6 2.125 0. 354 0.912 2 . 34 
Error (B) 40 15.531 0.388 
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Table 2a. Effect of SO2 on shoot dry weight of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.515 0. 103 1.526 2.45 
Treatments (T) 3 56.946 18.982 281.277 2.84 
Error (A) 15 1.012 0.067 
SO, 2 2.972 1.486 4 .986 3.23 
Interaction (TxSOj) 6 0.509 0.085 0.285 2.34 
Error (B) 40 11.925 0.298 
Table 2b. Effect of SO2 on root dry weight of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
•Replicates 5 0. 376 0.075 1.770 2.45 
Treatments (T) 3 22.560 7 . 520 176,973 2.84 
Error (A) 15 0. 637 0.042 
SO, 2 0.284 0. 142 8.501 3.23 
Interaction (TXSO2) 6 0. 251 0. 042 2.495 2. 34 
Error (B) 40 0. 669 0. 016 
Table 2c. Effect of SO2 on pod number/plant in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 10.278 2.056 1.178 2.45 
Treatments (T) 3 277.500 92.500 53.025 2,84 
Error (A) 15 26.166 1.744 
SO. 2 31.861 15.930 8.077 3.23 
Interaction (TXSO2) 6 10.583 1.764 0.894 2.34 
Error (B) 40 78 . 888 1.972 
Table 3a. Effect of SO2 on chlorophyll a in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.069 0.014 2.791 2.45 
Treatments (T) 3 1.349 0.450 90.441 2 . 04 
Error (A) 15 0.074 0.005 
SO. 2 0. 120 0.060 12.383 3.23 
Interaction (TXSO2) 6 0. 028 0. 005 0.947 2.34 
Error (B) 40 0. 194 0. 004 
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Table 3b. Effect of SO2 on chlorophyll b in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.012 0.002 0.286 2.45 
Treatments (T) 3 1.472 0.491 57.458 2.84 
Error (A) 15 0.128 0. 008 
SOp 2 0. 243 0. 121 26.238 3.23 
Interaction (TXSO2) 6 0. 088 0.015 3. 169 2.34 
Error (B) 40 0.185 0. 004 
Table 3c. Effect of SO2 on total chlorophyll in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.239 0. 048 1.317 2.45 
Treatments (T) 3 ,7.146 2.382 65.775 2.84 
Error (A) 15 0.543 0. 036 
SOn 2 11.461 0.708 8. 515 3.23 
Interaction (TXSO2) 6 0. 306 0.051 0. 613 2.34 
Error (B) 40 3.328 0.083 
Table 3d. Effect of SO2 on total seed protein in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 5.277 1.055 0.563 2.45 
Treatments (T) 3 158.438 52.813 28.194 2.84 
Error (A) 15 28.097 1.873 
SO^ 2 39.765 19.882 9.574 3 .23 
Interaction (TXSO2) 6 16.473 2.745 1.322 2.34 
Error (B) 40 83.074 2.076 
Table 4a. Effect of SO2 on nodule number of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 1.806 0. 361 0.311 2.71 
Treatments (T) 1 23.361 23.361 20.120 4 . 35 
Error (A) 5 5.805 1. 161 
SO2 2 7.055 3.527 2.442 3.49 
Interaction (TXSO2) 2 2.056 1. 028 0.712 3.49 
Error (B) 20 28.888 1.444 
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Table 4b. Effect of SO2 on nodule dry weight of mungbean plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 16.489 3.298 1.072 2.71 
Treatments (T) 1 56.110 56.110 18.239 4.35 
Error (A) 5 15.382 3.076 
SOo 2 32.696 16.348 4.177 3.49 Interaction (TXSO2) 2 0.795 0.398 0. 102 3.49 
Error (B) 20 78.274 3.913 
Table 4c. Effect of SO, on shoot nitrogen content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 0.415 0.083 2.343 2.45 
Treatments (T) 3 7.752 2.584 72.971 2.84 
Error (A) 15 0.531 0.035 
SOo 2 2.665 3 . 327 3 9.608 3.23 
Interaction (TXSO2) 6 7.396 1.233 18.206 2.34 
Error (B) 40 2.708 0.067 
Table 4d. Effect of SO2 on root nitrogen content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F.Value at 
Replicates 5 0 . 019 0.004 1. 281 2.45 
Treatments (T) 3 1 . 186 0.395 130.597 2.84 
Error (A) 15 0 .045 0.003 
SOo 2 1 .176 0.588 184.361 3.23 
Interaction {TXSO2) 6 1 .808 0. 301 94.470 2.34 
Error (B) 40 0 .127 0.003 
Table 5a. Effect of SO2 on % VAM colonization of roots of 
mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 418.672 
Treatments (T) 1 2308.000 
Error (A) 5 75.656 
SO2 2 18.171 
Interaction (TXSO2) 2 12.156 












Table 5b. Effect of SO2 on VAM spore number 100 g of mungbean 
plants 
Source of Variables Df SS MSS F.Value F. .Value at 5% 
Replicates 5 133.250 26.650 0.322 2.71 
Treatments (T) 1 49284.000 49284.000 595.757 4.35 
Error (A) 5 413.625 82.725 
SO, 2 12877.000 6438.5000 40.408 3.49 
Interaction (TxSOo) 2 132.250 66.125 0.415 3.49 
Error (B) 20 3186.750 159.337 
Table 5c. Effect of SO2 on shoot phosphorus content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 0. 165 0.033 1.899 2.45 
Treatments (T) 3 4.402 1.467 84.557 2.84 
Error (A) 15 0.260 0.017 
SO, 2 0.089 0.044 2.033 3.23 
Interaction (TXSO2) 6 0.010 0.002 0.075 3.23 
Error (B) 40 0.877 0.021 
Table 5d. Effect of SO, , on root phosphorus content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 0. 130 0.026 0.960 2.45 
Treatments (T) 3 0.340 0.113 4.197 2.84 
Error (A) 15 0.404 0.027 
SO, 2 0. 135 0.067 2.555 3.23 
Interaction (TXSO2) 6 0. 373 0.062 2.350 2.34 
Error (B) 40 1.057 0.026 
Table 6a. Effect of SO2 on shoot length of chick-pea plants 
Source of Variables Df SS MSS F.Value F '.Value at 5% 
Replicates 5 12.887 2 .577 0 .670 2 .45 
Treatments (T) 3 269.281 89 .760 23 .318 2 .84 



















Error (B) 40 92.343 2 .308 
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Table 6b. Effect of SO2 on root length of chick-pea plants 
Source of Variables Df SS MSS F .Value F.Value at 5% 
Replicates 5 28.447 5.689 1.782 2.45 
Treatments (T) 3 259.637 86.546 27.106 2.84 
Error (A) 15 47.892 3.192 
SOj 2 8.181 4.0900 3.002 3.23 
Interaction (TXSO2) 6 33.629 5.605 4.113 2.34 
Error (B) 40 54.505 1.362 
Table 6c. Effect of SO2 on shoot fresh weight of chick-pea plants 
Source of Variables Df SS MSS F .Value F.Value at 5% 
Replicates 5 5. 140 1.028 1.417 2.45 
Treatments (T) 3 100.788 33.596 46.316 2.84 
Error (A) 15 10.880 0.725 
SO2 2 11.423 5.711 4.623 3.23 
Interaction (TXSO2) 6 75.900 12.650 10.238 2.34 
Error (B) 40 49.424 1.235 
Table 6d. Effect of SO2 on root fresh weight of chick-pea plants 
Source of Variables Df SS MSS F .Value F.Value at 5% 
Replicates 5 0.195 0.039 0.182 2.45 
Treatments (T) 3 79.406 26.469 123.383 2.84 
Error (A) 15 3.217 0.214 
SO5 2 15.941 7.970 19.405 2.23 
Interaction (TXSO2) 6 28.615 4.769 11.611 2.34 
Error (B) 40 16.429 0. 410 
Table 7a. Effect of SO2 on shoot dry weight of chick-pea plants 
Source of Variables Df SS MSS F .Value F.Value at 5% 
Replicates 5 0.425 0.085 1.039 2.45 
Treatments (T) 3 7. 356 2.452 29.982 2.84 
Error (A) 15 1.226 0. 081 
SO, 2 0. 199 0.099 0.795 3.23 
Interaction (TXSO2) 6 4.682 0.780 6.210 2.34 
Error (B) 40 5.025 0.125 
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Table 7b. Effect of SO2 on root dry weight of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.017 0.003 0.235 2.45 
Treatments (T) 3 0.789 0.263 18.091 2.84 
Error (A) 15 0.218 0.014 
SO, 2 0.245 0.122 15.952 3.23 
Interaction (TXSO2) 6 0.441 0.073 9.542 2.34 
Error (B) 40 0. 307 0.007 
Table 7c. Effect of SO2 on pod nnmber of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 35.403 7.081 3 . 903 2.45 
Treatments (T) 3 102.375 34.125 18.813 2.84 
Error (A) 15 27.208 1.813 
SO, 2 19.444 9.722 2 .654 3.23 
Interaction (TXSO2) 6 163.333 27.222 7.430 2.34 
Error (B) 40 146.555 3 . 663 
Table 8a. Effect of SO2 on chlorophyll a in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.016 0.003 0.904 2.45 
Treatments (T) 3 0. 298 0. 099 28.167 2.84 
Error (A) 15 0.053 0.003 
SO, 2 0.063 0.031 7.363 3.23 
Interaction (TXSO2) 6 0. 318 0. 053 12 . 261 2.34 
Error (B) 40 0. 172 0.004 
Table 8b. Effect of SO2 on chlorophyll b in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0. 044 0. 009 2.416 2.45 
Treatments (T) 3 0.231 0.077 20.939 2.84 
Error (A) 15 0. 055 0.003 
SO, 2 0.039 0.019 4.766 3.23 
Interaction (TXSO2) 6 0.240 0. 040 9. 536 2.34 
Error (B) 40 0. 167 0. 004 
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Table 8c. Effect of SO2 on total chlorophyll in chick-pea plants 
Source of Variables Df SS MSS F .Value F. Value at 5% 
Replicates 5 0.039 0.008 0.262 2.45 
Treatments (T) 3 1.266 0.422 14.263 2 .84 
Error (A) 15 0.443 0. 029 
SO, 2 0.230 0. 115 2.561 3.23 
Interaction (TXSO2) 6 1.502 0.250 5.552 2.34 
Error (B) 40 1.803 0.450 
Table 8d. Effect of SOj on seed protein in chick-pea I plants 
Source of Variables Df SS MSS F .Value F. Value at 5% 
Replicates 5 15.363 3.073 0.956 2.45 
Treatments (T) 3 185.047 61.682 19.191 2.84 
;Error (A) 15 48.210 3.214 
SO5 2 24.085 12.042 2.405 3.23 
Interaction (TXSO2) 6 232.988 38.831 7.755 2.34 
Error (B) 40 200.289 5.007 
Table 9a. Effect of SO2 on nodule number of 1 chick-pea plants 
Source of Variables Df SS MSS F .Value F. Value at 5% 
Replicates 5 31.555 6.311 0.256 2.71 
Treatments (T) 1 747.111 747.Ill 30.316 4.35 
Error (A) 5 123 . 222 24.644 
SO, 2 4511.722 2255.861 56.712 3.49 
Interaction (TXSO2) 2 2476.723 1238.361 31.132 3.49 
Error (B) 20 749.554 39.777 
Table 9b. Effect of SO2 on nodule dry weight of chick-pea plants 
Source of Variables Df SS MSS F .Value F. .Value at 5% 
Replicates 5 229.063 456.813 1.870 2.71 
Treatments (T) 1 606.707 606.797 24.762 4.35 
Error (A) 5 122.523 24.504 
SO, 2 4973.328 2486.664 31.709 3 . 49 
Interaction (TXSO2) 2 5313.602 2656.801 3 3.879 3.49 
Error (B) 20 1568.414 78.420 
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Table 9c. Effect of SO2 on shoot nitrogen content of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F. Value at 5% 
Replicates 5 0.514 0.103 0. 092 2.45 
Treatments (T) 3 52.621 17.540 15.666 2.84 
Error (A) 15 16.795 1.119 
SO, 2 33.342 16.671 24.430 3.23 Interaction (TXSO2) 6 87.70 14.618 21.421 2.34 
Error (B) 40 27.296 0. 682 
Table 9d. Effect of SO , on root nitrogen content of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F. Value at 5% 
Replicates 5 0. 129 0. 026 0.132 2.45 
Treatments (T) 3 14.070 4.690 23.941 2.84 
Error (A) 15 2.9384 0.1959 
SO, 2 141.27167 70.63583 464.447 3.23 
Interaction (TXSO2) 6 457.582 76.264 501.451 2 . 34 
Error (B) 40 6.08344 0.15209 
Table 10a. Effect of SO, on % VAM colonization of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 182.500 36.500 1.013 2.71 
Treatments (T) 1 28.813 28.813 0.800 4.35 
Error (A) 5 189.140 36.028 
SO, 2 133.203 66.601 1.720 3 .49 
Interaction (TxSOj) 2 737.000 368.500 9.518 3.49 
Error (B) 20 774.343 38.717 
Table 10b. Effect of SO2 on VAM spore number of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 1131.625 226.325 0.759 
Treatments (T) 3 3481.000 3481.000 11.673 
Error (A) 15 1491.000 298.200 
SO^ 2 4074.000 2037.000 18.557 
Interaction (TXSO2) 6 19358.000 9679.000 88.176 






Table 10c. Effect of SO2 on shoot phosphorus content of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Value at 
Replicates 5 0.043 0.009 1.883 2.45 
Treatments (T) 3 0.523 0. 174 37.470 2.84 
Error (A) 15 0.069 0. 004 
SO, 2 0.009 0. 004 0.972 3.23 
Interaction (TXSO2) 6 0.004 0.001 0. 142 2.34 
Error (B) 40 0. 188 0.004 
Table lOd. Effect of SO2 on root phosphorus content of chick-pea 
plants 








Table la. Effect of O3 on shoot length of mungbean plants 
Df SS MSS F.Value F.Value 
5 0. 018 0. 004 0.768 2.45 
3 0.016 0.005 1.102 2 .84 
15 0.072 0. 004 
2 0.008 0.004 0.825 3.23 
6 0.031 0. 005 1.026 2.34 
40 0.202 0.005 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 28.867 5.773 1.244 2.45 
Treatment (T) 3 614.680 204.893 1.244 2.84 
Error (A) 15 69.632 4.642 
O3 2 315.234 157.617 45.472 3.23 Interaction (TXO3) 6 35.2)4 5.872 1 . r.04 2.34 
Error (B) 40 138.648 3 . 466 
Table lb. Effect of O3 on root length of mungbean plants 
Source of Variables Df SS MSS F.value F.Value at 5% 
Replicates 5 9. 15 1.831 1.146 2.45 
Treatment (T) 3 357.114 119.038 74.496 2.84 Error (A) 15 23.9G8 1. 597 
O3 2 109.807 54.903 27.464 3.23 Interaction (TXO3) 6 2.077 0.346 0. 173 2.34 Error (B) 40 79.965 1.999 
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Table Ic. Effect of O3 on shoot fresh weight of mungbean plants 
Source of Variables Df SS MSS F. .Value F. Value at 5% 
Replicates 5 11.634 2.327 1.299 2.45 
Treatment (T) 3 269.129 123.043 68.676 2.84 
Error (A) 15 26.874 1.791 
O3 2 191.432 95.716 46.712 3.23 Interaction (TXO3) 6 11.868 1.978 0.965 2.34 
Error (B) 40 81.962 2.049 
Table Id. Effect of O3 on root frewh weight of mungbean plants 
Source of Variables Df SS MSS F. .Value F. Value at 5% 
Replicates 5 0.864 0. 173 0.378 2.45 
Treatment (T) 3 53.344 17.781 38.901 2.84 
Error (A) 15 66.856 0.457 
2 19.731 9.865 57.724 3.23 
Interaction (TXO3) 6 7.275 1.213 7 . 095 2.34 
Error (B) 40 6.836 0.170 
Table 2a. Effect of O3 on shoot dry weight of mungbean plants 
Source of Variables Df SS MSS F .Value F, •Value at 5% 
Replicates 5 1.265 0.253 0.972 2.45 
Treatment (T) 3 55.410 18.470 70.991 2 .84 
Error (A) 15 3.902 0.260 
O3 2 7.244 3 . 662 21,637 3.23 Interaction (TXO3) 6 0. 387 0.065 0. 385 2 . 34 
Error (B) 40 6.696 0. 167 
Table 2b. Effect of O3 on root dry weight of mungbean plants 
Source of Variables Df SS MSS F .Value F .Value at 5% 
Replicates 5 0.422 0.084 1. 812 2.45 
Treatment (T) 3 21.653 7 .218 155.093 2.84 
Error (A) 15 0. 698 0.046 
O3 2 0.580 0.290 12.436 3.23 Interaction (TXO3) 6 0.257 0. 043 1.836 2 . 34 
Error (B) 40 0.933 0. 023 
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Table 2c. Effect of O3 on pod number of mungbean plants 
Source of Variables Df SS MSS , F.Value F.Value at 5% 
Replicates 5 11.611 2.322 1. 681 2.45 
Treatment (T) 3 118.778 39.593 28.660 2.84 
Error (A) 15 20.722 1.381 
O 3 
2 97.027 48.513 27.591 3.23 
Interaction (T X Ot ) 6 9. 305 1.551 0.882 2.34 
Error (B) 40 70.333 1.758 
Table 3a. Effect of on chlorophyll a in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.025 0.005 3 .035 2.45 
Treatment (T) 3 1.008 0.336 207.072 2.84 
Error (A) 15 0.024 0.001 
O 3 
2 0.294 0. 147 63.372 3.23 
Interaction ( T X O 3 ) 6 0.092 0.015 6.630 2.34 
Error (B) 40 0.093 0. 002 
Table 3b. Effect of O3 on chlorophyll b in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.015 0. 003 2 .403 2.45 
Treatment (T) 3 1. 157 0.386 318.787 2 .84 
Error (A) 15 0.018 0. 001 
O 3 2 0.267 0. 133 78.375 3.23 Interaction (TXO3) 6 0.093 0.016 9. 135 2.34 
Error (B) 40 0.068 0.001 
Table 3c. Effect of O3 on total chlorophyll in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.622 0. 124 3 . 384 2.45 
Treatment (T) 3 4 . 878 1.626 44.227 2.84 
Error (A) 15 0. 551 0.036 
O 3 2 1. 213 0. 606 19.016 3.23 Interaction ( T X O 3 ) 6 1. 124 0.187 5.871 2.34 
Error (B) 40 12.276 0.031 
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Table 3d. Effect of O3 on seed protein in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 10.828 2.166 1.938 2.45 
Treatment (T) 3 158.633 52.878 47.331 2.84 
Error (A) 15 16.757 1.117 
O3 2 168.078 84.039 37.360 3.23 Interaction ( T X O 3 ) 6 9.271 1.545 0. 687 2.34 
Error (B) 40 89.976 2.249 
Table 4a. Effect of O3 on nodule number of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 3.139 0.628 0.170 2.71 
Treatment (T) 1 34.028 34.028 9.211 4.35 
Error (A) 5 18.472 3 . 694 
O3 ?. IB.722 9.361 R . 062 3.49 Interaction ( T X O 3 ) 2 6.056 3 . 028 2 . 608 3.49 
Error (B) 20 23.222 1.161 
Table 4b. Effect of O3 on nodule dry weight of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 21.336 4 .267 1. 419 2.71 
Treatment (T) 1 85.347 85.347 28.377 4 .35 
Error (A) 5 15.038 3 . 007 
O3 2 33.667 16.833 6.239 3.49 Interaction (TXO3) 2 12.850 6.425 2.381 3.49 
Error (B) 20 53.964 2.698 
Table 4c. Effect of on shoot nitrogen content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0. 314 0. 063 1 .291 2.45 
Treatment (T) 3 11,330 3 . 777 77.713 2 . 84 
Error (A) 15 0.729 0 . 048 
O3 2 3 . 045 1 . 522 24 . 625 3 .23 Interaction ( T X O 3 ) 6 8 . 678 1.446 23.704 2.34 
Error (B) 40 2.473 0.061 
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Table 4d. Effect of O3 on root nitrogen content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F. .Value at 5% 
Replicates 5 0.014 0.003 1.437 2.45 
Treatment (T) 3 1.030 0.343 178.145 2.84 
Error (A) 15 0.028 0.001 
93 2 0.478 0.239 84.942 3.23 Interaction ( T X O 3 ) 6 1.478 0.246 87.490 2.34 
Error (B) 40 0. 112 0.002 
Table 5a. Effect of Oo on %VAM colonization of roots of mungbean 
plants •J 




O 3 . Interaction (TXO3) 
Error (B) 
5 554.578 110.916 21.394 2.71 
1 2862.250 2862.250 552.092 4.35 
5 25.921 5.184 
2 213.500 106.750 3.654 3.49 
2 52.172 26.086 0.893 3.49 
20 584.328 29.216 
Table 5b. Effect of O3 on VAM spore number of munqbcnn plaritn 






5 1292.875 258.575 2.487 2.71 
1 55460.375 5460.375 533.529 4.35 
5 519.750 103.950 
2 8055.000 4027.500 24.084 3.49 
2 200.500 100.250 0.599 3.49 
20 3344.500 167.225 
Table 5c. Effect of O3 on shoot phosphorus content of mungbean 
plants 







Df SS MSS F.Value F.Value 
5 0. 505 0. 101 2.968 2.45 
3 4.697 1. 566 46.049 2.84 
15 0. 510 0.034 
2 0. 101 0. 050 2 . 195 3.23 
6 0. 019 0.003 0.136 2 . 34 
40 0.92 3 0. 023 
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Table 5d. Effect of O3 on root phosphorus content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.208 0. 042 1.758 2.45 
Treatment (T) 3 0.285 0.095 4.010 2.84 
Error (A) 15 0.355 0. 023 
O3 2 0.257 0. 128 4 . 148 3.23 Interaction ( T X O 3 ) 6 0.354 0. 059 1.903 2.34 
Error (B) 40 1.239 0.030 
Table 6a. Effect of O3 on shoot length of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 28.898 5.780 1.796 2.45 
Treatment (T) 3 315.250 157.625 48.983 2.84 
Error (A) 15 32.179 3.218 
O3 2 614.695 204.898 52.372 3.23 Interaction (TXO3) 6 35.234 5.872 1. 501 2.34 
Error (B) 40 176.054 3 .912 
Table 6b. Effect of O3 on root length of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 9. 155 1.831 0.722 2.45 
Treatment (T) 3 109.807 54.904 21.648 2.84 
Error (A) 15 25.361 2.536 
O3 2 357.114 119.038 68.175 3.23 Interaction ( T X O 3 ) 6 2.077 0.346 0. 198 2 . 34 
Error (B) 40 78.572 1.746 
Table 6c. Effect of shoot fresh weight of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 4 . 559 0.912 1.233 2.45 
Treatment (T) 3 66.424 22.141 29.952 2 . 48 
Error (A) 15 11.088 0.739 
O3 2 11.418 5.709 6.263 3.23 Interaction ( T X O 3 ) 6 64.213 10.702 11.739 2.34 
Error (B) 40 36.465 0.911 
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Table 6d. Effect of O3 on root fresh weight of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 1.942 0.388 1. 634 2.45 
Treatment (T) 3 67.528 22.509 94.692 2.84 
Error (A) 15 3.565 0.237 
O3 2 6.549 3.274 11.814 3.23 Interaction ( T X O 3 ) 6 55.886 9.314 33.603 2.34 
Error (B) 40 1.087 0.277 
Table 7a. Effect of O3 on shoot dry weight of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.460 0. 092 1.504 2.45 
Treatment (T) 3 5.272 1. 757 28.741 2.84 
Error (A) 15 0.917 0.061 
O3 2 0. 152 0.076 0.650 3.23 Interaction ( T X O 3 ) 6 4.551 0.758 6.478 2.34 
Error (B) 40 4 . 684 0. 117 
Table 7b. Effect of SO2 on root dry weight of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 1.111 0.222 0.885 2.45 
Treatment (T) 3 0.933 0.311 1.238 2.84 
Error (A) 15 3 .768 0.251 
O3 2 0.864 0.432 1.762 3 . 23 Interaction (TXO3) 6 1.724 0.287 1. 171 2.34 
Error (B) 40 9.810 0.245 
Table 7c. Effect of O3 on pod number of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 16.278 3.256 1. 330 2 .45 
Treatment (T) 3 97.445 32.482 13.268 2 .84 
Error (A) 15 36.722 2 .448 
O3 2 8.777 4 . 388 2.049 3 .23 Interaction (TXO3) 6 150.889 25. 148 11.742 2.34 
Error (B) 40 85.666 2 . 141 
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Table 8a. Effect of O3 on chlorophyll a in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.071 0.014 3 . 519 2.45 
Treatment (T) 3 0.371 0. 124 30.771 2 .84 
Error (A) 15 0.060 0. 004 
O3 2 0.196 0.098 2 . 398 3.23 Interaction (TXO3) 6 0.336 0.056 11.607 2.34 
Error (B) 40 0. 192 0.004 
Table 8b. Effect of O3 on chlorophyll b in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.059 0.012 4.412 2.45 
Treatment (T) 3 0.285 0.095 35.576 2.84 
Error (A) 15 0.040 0. 002 
O3 2 0. 190 0. 095 25.237 3 .23 
Interaction (TxO^) 6 0. 303 0. 050 13 .386 2.34 
Error (B) 40 0. 150 0.003 
Table 8c. Effect of O3 on total chlorophyll in chick -pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0. 179 0.036 0. 647 2.45 
Treatment (T) 3 1.271 0.424 7. 680 2.84 
Error (A) 15 0.827 0.055 
O3 2 0.821 0.410 9.360 3.23 Interaction (TXO3) 6 1.993 0.332 7 . 568 2 . 34 
Error (B) 40 1.755 0. 043 
Table 8d. Effect of O3 on seed protein in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 59.711 11.942 0.962 2.45 
Treatment (T) 3 114.848 38.283 3 .085 2.84 
Error (A) 15 186.140 12.409 
O3 2 0. 167 0. 083 0.007 3.23 Interaction (TXO3) 6 154.164 25.694 2 . 056 2.34 
Error (B) 40 499.949 12.498 
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Table 9a. Effect of O3 on nodule number of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 185.889 37.178 0.720 2.71 
Treatment (T) 1 1045.445 1045.445 20.243 4.35 
Error (A) 5 258.222 51.644 
O3 2 2921.056 1460.528 82.001 3.49 Interaction (TXO3) 2 3077.387 1538.693 86.389 3.49 
Error (B) 20 356.222 17.811 
Table 9b. Effect of O3 on nodule dry weight in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 174.367 34.873 0. 891 2.71 
Treatment (T) 1 1054.086 1054.086 26.943 4.35 
Error (A) 5 195.617 39.123 
O3 2 3417.773 1708.886 24.859 3 . 49 Interaction (TXO3) 2 8296.695 4148.348 60.346 3.49 
Error (B) 20 1374.843 68.742 
Table 9c. Effect of O^ on shoot nitrogen content of chick-pea 
plants 
Source of Variables Df SS MSS F.Valuo F.Value at 5% 
Replicates 5 3.513 0.703 1. 016 2.45 
Treatment (T) 3 50.387 16.796 24.299 2.84 
Error (A) 35 10.368 0.691 
O3 2 22.952 11.476 11.671 3.23 Interaction (TXO3) 6 76.715 12.786 13.003 2 . 34 
Error (B) 40 39.332 0.983 
Table 9d. Effect of 0-, on root nitrogen content of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0. 146 0. 029 0.161 2.45 
Treatment (T) 3 12.544 4.181 23.142 2 . 84 
Error (A) 15 5.710 0. 180 
O3 2 147 .996 73 .993 . 4 64 3 .23 Interaction (TXO3) 6 457.271 76.212 498.955 2 . 34 
Error (B) 40 6. 109 0. 152 
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Table 10a. Effect of O3 on %VAM colonization of roots of chick-
pea plants 
Source of Variables Df SS MSS F .Value F.Value at 5% 
Replicates 5 253.578 50.716 2.295 2.71 
Treatment (T) 1 61.359 61.359 2.777 4.35 
Error (A) 5 110.484 22.096 
O3 2 216.171 108.085 2.175 3.49 Interaction (TXO3) 2 437.391 218.695 4.401 3.49 
Error (B) 20 993.765 49.688 
Table 10b. Effect of O3 on VAM spore number 1 of chick-pea plants 
Source of Variables Df SS MSS F .Value F.Value at 5% 
Replicates 5 1734 . 375 346.875 0.698 2.71 
Treatment (T) 1 1681.000 1681.000 3.385 4.35 
Error (A) 5 2483.000 496.600 
O3 2 6968.000 3484.000 11.593 3.49 Interaction (TXO3) 2 19232.000 9616.000 31.997 3.49 
Error (B) 20 6010.615 300.531 
Table 10c. Effect of on shoot phosphorus content of chick-pea 
plants 
Source of Variables Df SS MSS F .Value F.Value at 5% 
Replicates 5 0. 500 0. 100 4 .246 2.45 
Treatment (T) 2 0. 080 0.040 1.700 2.84 
Error (A) 15 0.235 0.023 
O3 3 4.819 1.606 59.584 3.23 Interaction (TXO3) 6 0.005 0.001 0.034 2.34 
Error (B) 40 1.213 0. 026 
Table lOd. Effect of on root phosphorus content of chick-pea 
plants. 
Source of Variables Df SS MSS F '.Value F.Value at 5% 
Replicates 5 0,034 0.007 0.769 2.45 
Treatment (T) 2 0. 016 0.008 0.912 2.84 
Error (A) 15 0.087 0.008 
O3 3 0.031 0.010 1. 278 3 .23 
Interaction (TXO3) 6 0.026 0.004 0.533 2 .34 
Error (B) 40 0.362 0. 008 
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SECTION IV 
Table la. Effect of fly ash on shoot length of mungbcan plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 269.703 53.914 1.934 2.21 
Treatment (T) 3 370.422 123.474 4.430 2.60 
Error (A) 15 418.046 27.869 
Fly ash 5 715.265 143.053 4.963 2.21 
Interaction 15 500.844 33.390 1. 159 1.75 
(T X Fly ash) 
Error (B) ** 2882.125 28.821 
Table lb. Effect of fly ash on root length of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 6.091 1.218 0.584 2.21 
Treatment (T) 3 627.760 209.253 100.285 2 . 60 
Error (A) 15 31.298 2.086 
Fly ash 5 735.245 147.049 67.670 2.21 
Interaction 15 69.345 4.623 2.127 1.75 
(T X Fly ash) 
Error (B) ** 217.304 2. 173 
Table 2a. Effect fly ash on shoot fresh weight of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 8.205 1.641 1.319 2.21 
Treatment (T) 3 417.729 157.243 126.347 2 . 60 
Error (A) 15 18.668 1.244 
Fly ash 5 244.914 48.982 27.807 2.21 
Interaction 15 86.348 5.757 3.268 1.75 
(T X Fly ash) 
Error (B) * * 176.152 1.761 
Table 2b. Effect of fly ash on root fresh weight of mungbean 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.934 0.187 0.335 2 .21 
Treatment (T) 3 150.864 50.288 90.067 2 . 60 
Error (A) 15 8.375 0.558 
Fly ash 5 68.303 13.660 19.464 2.21 
Interaction 15 27.377 1.825 2.600 1.75 
(T X Fly ash) 
Error (B) * * 70.185 0.701 
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Table 3a. Effect of fly ash on shoot dry weight of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.177 0.035 0.299 2.21 
Treatment (T) 3 131.896 43.965 : 371.100 2.60 
Error (A) 15 1. 777 0. 118 
Fly ash 5 56.244 11.248 77.107 2 .21 
Interaction 15 16.716 1.116 7 . 64 8 1 . 7'') 
(T X Fly nnli) 
Error (B) * * 14.588 0.145 
Table 3b. Effect of fly ash on root dry weight of mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0. 524 0.105 0.962 2.21 
Treatment (T) 3 58.350 19.450 : 178.562 2 .60 
Error (A) 15 1.633 0.108 
Fly ash 5 4.462 0.892 12.095 2.21 
Interaction 15 2.429 0.162 2 . 195 1.75 
(T X Fly ash) 
Error (B) ** 7.378 0.073 
Table 4. Effoct of : Fly nsh on po<l tuimbor/p Iniit in miintjlKNin pl;in(.!i 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 7.639 1.528 2.248 2.21 
Treatment (T) 3 305.139 101.713 149.654 2.60 
Error (A) 15 10.194 0.679 
Fly ash 5 573.638 114.727 113.405 2.21 
Interaction 15 96.195 6.413 6.339 1.75 
(T X Fly ash) 
Error (B) * * 101.66 1.011 
Table 5a. Effect of fly ash on chlorophyll a in mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.013 0.003 0.495 2.21 
Treatment (T) 3 1.929 0.643 125.580 2 . 60 
Error (A) 15 0.076 0.005 
Fly ash 5 2.215 0.443 121.691 2.21 
Interaction 15 0.454 0.030 8.318 1.75 
(T X Fly ash) 
Error (B) * * 0.364 0.003 
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Table 5b. Effect of flyash on chlorophyll b in mungbean plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 0.007 0. 001 0. 32G 2.21 
Treatment (T) 3 1.841 0.614 141.631 2 . 60 
Error (A) 15 0.065 0.004 
Fly ash 5 2. 147 0.429 119.195 2.21 
Interaction 15 0. 396 0.026 7.326 1.75 
(T X Fly ash) 
Error (B) * * 0.360 0.003 
Table 5c. Effect of fly ash on total chlorophyll in mungbean 
plants 
Source of Variables Df SS MSS F.Value F •Value at 5% 
Replicates 5 0.049 0.010 0.614 2.21 
Treatment (T) 3 7 .844 2.615 164.175 2.60 
Error (A) 15 0.238 0.015 
Fly ash 5 11.116 2.223 239.517 2.21 
Interaction 15 1.835 0.122 13.182 1.75 
(T X Fly ash) 
Error (B) ** 0.928 0.009 
Table 6. Effect of Ely ash on seed protein in mungbean plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 1.555 0.311 0.625 2.21 
Treatment (T) 3 284.133 94.711 190.414 2.60 
Error (A) 15 7.460 0.497 
Fly ash 5 195.757 39.151 60.590 2.21 
Interaction 15 19.773 1.318 2 . 040 1.75 
(T X Fly ash) 
Error (B) * * 64.617 0.646 
Table 7a. Effect of flyash on nodule number of mungbean plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 1.125 0.225 0.087 2.37 
Treatment (T) 1 13.347 13.347 5.172 4.00 
Error (A) 5 12.902 2.580 
Fly ash 5 82 .125 16.425 11.599 2.37 
Interaction 5 6.569 1. 314 0.928 2.37 
(T X Fly ash) 
Error (B) 50 70.805 1.416 
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Table 7b. Effect of fly ash on nodule dry weight of mungbean 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 7.392 1.478 0.564 2 .37 
Treatment (T) 1 215.281 215.281 82.078 4 .00 
Error (A) 5 13.144 2.622 
Fly ash 5 262.261 52.453 41.497 2 . 37 
Interaction 5 44.073 8.815 6.973 2.37 
(T X Fly ash) 
Error (B) 50 63.201 1.264 
Table 8a. Effect of fly ash on shoot nitrogen content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.188 0. 038 0. 309 2.21 
Treatment (T) 3 44.151 14.717 121,268 2 . 60 
Error (A) 15 1.820 0. 121 
Fly ash 5 56.366 11.273 148.792 2.21 
Interaction 15 20.452 1.363 17.996 1.75 
(T X Fly ash) 
Error (B) * * 7.576 0.075 
Table 8b. Effect of fly ash on root nitrogen content of mungbean 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.294 0.059 0.912 2.21 
Treatment (T) 3 3 .159 1. 053 16.367 2 . 60 
Error (A) 15 0.965 0. 064 
Fly ash 5 2.403 0.480 5.214 2.21 
Interaction 15 1.524 0. 102 1. 102 1.75 
(T X Fly ash) 
Error (B) ** 9.221 0.092 
Table 9a. Effect of fly ash on %VAM colonization of roots of 
mungbean plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 10.063 2.013 0.282 2.37 
Treatment (T) 3 2725.688 2725.688 381.549 4.00 
Error (A) 15 35.718 7. 143 
Fly ash 5 9463.906 1892.781 278.581 2.37 
Interaction 15 233.219 46.644 6.865 2 .37 
(T X Fly ash) 
Error (B) * * 3399.718 6.794 
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Table 9b. Effect of fly ash on VAM number of mungbean plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 757.250 151.450 2.314 2 . 37 
Treatment (T) 1 28361.500 28361.500 433.331 4.00 
Error (A) 5 327.250 65.450 
Fly ash 5 372683.000 74536.601 1627.614 2 . 37 
Interaction 5 5282.500 1056.500 23.070 2.37 
(T X Fly ash) 
Error (B) i 50 2289.750 45.795 
Table 10a. Effect « of fly ash on shoot phosphorus of mungbean 
plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 0.209 0.042 1.005 2.21 
Treatment (T) 3 8.987 2.996 72.205 2.60 
Error (A) 15 0.622 0.041 
Fly ash 5 1.988 0.397 23.499 2.21 
Interaction 15 0.361 0.024 1.424 1.75 
(T X Fly ash) 
Error (B) * * 1.692 0.016 
Table 10b. Effect of fly ash on root phosphorus of mungbean 
plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 0.006 0.001 0.687 2.21 
Treatment (T) 3 1. 032 0.344 186.512 2. 60 
Error (A) 15 0.027 0.001 
Fly ash 5 1.062 0.212 220.926 2.21 
Interaction 15 3.156 0.210 218.712 1.75 
(T X Fly ash) 
Error (B) * * 0.096 0.009 
Table lla. Effect of fly ash on shoot length of chick-pca plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 5.359 1.072 0.240 2.21 
Treatment (T) 3 722.993 240.961 55.814 2 . 60 
Error (A) 15 64.757 4 .317 
Fly ash 5 334.454 66.890 19.991 2.21 
Interaction 15 65.703 4.380 1.309 1.75 
(T X Fly ash) 
Error (B) ** 334.601 3.346 
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Table lib. Effect of fly ash on root length of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 23.707 4.741 2.575 2.21 
Treatment (T) 3 706.441 235.480 127.881 2.60 
Error (A) 15 27.621 1.841 
Fly ash 5 477.917 95.583 53.992 2.21 
Interaction 15 69.832 4.655 2.630 1.75 
(T X Fly ash) 
Error (B) ** 
Table 12a. Effect of fly ash on shoot fresh weight of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Value at 
Replicates 5 17.093 3.419 1.402 2.21 
Treatment (T) 3 387.582 129.194 52.976 2.60 
Error (A) 15 36.581 2.438 
Fly ash 5 75.665 15.133 7.775 2 .21 
Interaction 15 43.813 2.921 1.501 1.75 
(T X Fly ash) 
Error (B) * * 194.625 1.946 
Table 12b. Effect of fly ash on root fresh weight of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 12.034 2.407 2.676 2.21 
Treatment (T) 3 300.678 100.226 111.421 2 . 60 
Error (A) 15 13.492 0.899 
Fly ash 5 111.245 22.249 17.978 2.21 
Interaction 15 54.267 3.617 2.923 1.75 
(T X Fly ash) 
Error (B) * * 123.757 1.237 
Table 13a. Effect of fly ash on shoot dry weight of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.153 .031 0. 382 2.21 
Treatment (T) 3 116.761 38.666 477.35 2.60 
Error (A) 15 1.221 . 081 
Fly ash 5 51.234 10.246 77.621 2.21 
Interaction 15 13.840 0.922 6.984 1.75 
(T X Fly ash) 
Error (B) * * 13.230 0.112 
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Table 13b. Effect of fly ash on root dry weight of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.205 0.041 1.183. 2.21 
Treatment (T) 3 6.941 2.314 66.690 2.60 
Error (A) 15 0.520 0.034 
Fly ash 5 3 .201 0.640 65.128 2.21 
Interaction 15 1.902 0.126 12.898 1.75 
(T X Fly ash) 
Error (B) ** 0.983 0. 009 
Table 14. Effect of fly ash on pod number of chick--pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 52.153 10.431 2.433 2.21 
Treatment (T) 3 123.722 41.241 9.618 2.60 
Error (A) 15 64.319 4.288 
Fly ash 5 12.805 24.561 34.838 2.21 
Interaction 15 41.027 2.735 3.879 1.75 
(T X Fly ash) 
Error (B) * * 70.500 0.705 
Table 15a. Effect of fly ash on chlorophyll a in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.021 0.004 0.800 2.21 
Treatment (T) 3 2.201 0.733 146.600 2 . 60 
Error (A) a 15 0.081 0.005 
Fly ash 5 2.523 0.504 126.00 2.21 
Interaction 15 0.521 0.034 8.500 1.75 
(T X Fly ash) 
Error (B) ** 0.432 0.004 
Table 15b. Effect of fly ash on chlorophyll b in chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 0.017 0.003 0.484 2.21 
Treatment (T) 3 1.082 0.361 51.834 2.60 
Error (A) 15 0. 104 0.007 
Fly ash 5 0.223 0.044 10.333 2.21 
Interaction 15 0.048 0.003 0.732 1.75 
(T X Fly ash) 
Error (B) ** 0.433 0.004 
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Table 15c. Effect of fly ash on total chlorophyll in chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Valuo at 5% 
Replicates 5 0.167 0.033 0.212 2.21 
Treatment (T) 3 5.371 1.790 11.376 2.60 
Error (A) 15 2.360 0. 157 
Fly ash 5 1.213 0.242 3 . 677 2.21 
Interaction 15 0.423 0. 028 0.427 1.75 
(T X Fly ash) 
Error (B) * * 6. 599 0. 066 
Table 16. Effect of fly ash on seed protein 1 in chick -pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 52.547 10.509 1.878 2.21 
Treatment (T) 3 395.984 131.995 23.592 2.60 
Error (A) 15 93.921 5.594 
Fly ash 5 408.953 81.790 15.602 2.21 
Interaction 15 48.102 3.207 0.612 1.75 
(T X Fly ash) 
Error (B) * * 524.234 5.242 
Table 17a. Effect of fly ash on nodule number of chick-pea plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 400.113 80.023 1. 580 2.21 
Treatment (T) 1 7812.500 7812.500 154.297 2.60 
Error (A) 5 253.164 50.632 
Fly ash 5 5272.945 1054.589 42.613 2.21 
Interaction 5 1314.332 262.866 10.622 1.75 
(T X Fly ash) 
Error (B) 50 1237.390 24.747 
Table 17b. Effect of fly ash on nodule dry weight of chick-pea 
plants 
Source of Variables Df SS MSS F.Value F.Value at 5% 
Replicates 5 178.359 35.672 1.399 2.21 
Treatment (T) 1 7334.609 7334.609 287.7T8 ? . 60 
Error (A) 5 127.453 25.490 
Fly ash 5 23630.984 4726.192 93.541 2.21 
Interaction 5 272.734 54.547 1. 080 1.75 
(T X Fly ash) 
Error (B) 50 2526.281 50.525 
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Table 18a. Effect of fly ash on shoot nitrogen content of Chick-
pea plants 
Source of Variables Df SS MSS F.Value F •Value at 5% 
Replicates 5 2 .092 0.418 0.679 2.21 
Treatment (T) 3 243.089 81.030 : 131,552 2.60 
Error (A) 15 9.239 0. 616 
Fly ash 5 310.412 62.082 : 118.375 2.21 
Interaction 15 31.853 2.124 4.049 1.75 
(T X Fly ash) 
Error (B) * * 52.445 0.524 
Table 18b. Effect of fly ash on root nitrogen content of Chick-
pea plants 
Source of Variables Df SS- MSS F.Value F .Value at 5% 
Replicates 5 0.035 0.007 0.219 2.21 
Treatment (T) 3 4.666 1.555 48.€37 2.60 
Error (A) 15 0.479 0. 032 
Fly ash 5 11.406 2.281 65.901 2.21 
Interaction 15 1.253 0.084 2.413 1.75 
(T X Fly ash) 
Error (B) * * 3.461 0.034 
Table 19a. Effect of fly ash on %VAM colonization of roots of 
chick-pea plants 
Source of Variables Df SS MSS F.Value F .Value at 5% 
Replicates 5 239.125 47.825 1.998 2 .21 
Treatment (T) 1 1512.500 1512.500 63.202 2.60 
Error (A) 5 119.656 23.931 
Fly ash 5 5647.281 1129.456 22.063 2.21 
Interaction 5 307.156 61.431 1.200 1.75 
(T X Fly ash) 
Error (B) 50 2559.562 51.191 
Table 19b. Effect of fly ash on VAM spore number of chick-pea 
plants 
Source of Variables Df SS MSS F • Value 1' •Value at b% 
Replicates 5 1015 .500 203 . 100 9 . 338 2, .21 
Treatment (T) 1 28640 .240 28640. 250 1316^ 793 2 , . 60 
Error (A) 5 108 .750 21. 750 
Fly ash 5 98995 .750 19799. 150 122. 134 2, .21 
Interaction 5 3047 .750 609 . 550 3 . 760 1, .75 
(T X Fly ash) 
Error (B) 50 8105 .500 162. 110 
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Table 20a. Effect of fly ash on shoot phosphorus content of 
chick-pea plants 
Source of Variables Df SS MSS F.Value F. Value at 5% 
_ _ _ _ — ——— — ————- - — — 
Replicates 5 0.006 0.001 3.835 2.21 
Treatment (T) 3 1.406 0.469 1547.848 2.60 
Error (A) 15 0.004 0.0003 
Fly ash 5 0.721 0. 144 217.715 2.21 
Interaction 15 0.341 0. 023 34.240 1.75 
(T X Fly ash) 
Error (B) * * 0.066 0.0006 
Table 20b- Effect of fly ash on root phosphorus content of 
chick-pea plants 
Source of Variables Df SS MSS F.Value F. Value at 5% 
Replicates 5 0.012 0.002 0.982 2.21 
Treatment (T) 3 0.048 0.016 6.803 2 . 60 
Error (A) 15 0.035 0.004 
Fly ash 5 0.020 0.004 1.362 2.21 
Interaction 15 0.033 0.002 0.738 1.75 
(T X Fly ash) 
Error (B) * * 0.295 0. 002 
